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TOTAL 


<35. 


mg/dL 


What’s a common 
denominator 

of most heart 
attack victims? 


Mixed hyperlipidemias—elevated cholesterol and 
triglycerides—are common among heart attack 
victims,! and nearly two-thirds of people who 
developed myocardial infarction in the PROCAM Trial 
had a low (<35 mg/dL) baseline level of HDL 
cholesterol.? 


HEART ATTACK PATIENTS 
(PROCAM TRIAL)? 
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1281 
Usefulness of Late Coronary Thrombolysis 
(Recombinant Tissue-Type Plasminogen Activator) in 
Preserving Left Ventricular Function in Acute 
Myocardial Infarction 

Bruno Villari, Federico Piscione, Domenico Bonaduce, Paolo 
Golino, Tonino Lanzillo, Mario Condorelli, and Massimo 
Chiariello 





We assessed whether administration of recombinant tissue- 
type plasminogen activator up to 8 hours after onset of symp- 
toms of acute myocardial infarction may result in a significant 
improvement in left ventricular function. Data confirm the ef- 
ficacy of early thrombolysis and suggest that late reperfusion 
may act beneficially in preserving late ventricular volumes and 
function. 


e EE Se SEF LS ESR 
Usefulness of Antithrombotic Therapy in Resting 
Angina Pectoris or Non-Q-Wave Myocardial Infarction 
in Preventing Death and Myocardial Infarction (a Pilot 
Study from the Antithrombotic Therapy in Acute 
Coronary Syndromes Study Group) 

Marc Cohen, Philip C. Adams, Linda Hawkins, Matt Bach, 
and Valentin Fuster 


In a prospective 3-month pilot trial of antithrombotic therapy 
in the acute coronary syndromes of resting and unstable angi- 
na pectoris or non-Q-wave myocardial infarction, we random- 
ized 93 consecutive patients to receive aspirin (325 mg/day), 
or full-dose heparin followed by warfarin, or the combination 
of aspirin (80 mg/day) plus heparin and then warfarin, while 
maintaining patients on their standard antianginal medica- 
tions. Antithrombotic therapy, coupled with early intervention 
after recurring myocardial ischemia, is associated with a low 
rate of death or infarction within the first 3 months. 





1293 
Angiographic Progression to Total Coronary Occlusion 


in Hyperlipidemic Patients After Acute Myocardial 
infarction 
Joe K. Bissett, William L. Ngo, Richard P. Wyeth, John P. 


\ Matts, and the POSCH Group 
“Im 413 hyperlipidemic patients with a history of myocardial 


infarction, we assessed the progression of coronary artery ste- 
nosis to total occlusion. This prospective serial angiographic 
study showed that the extent of initial coronary artery narrow- 
ing was significantly associated with the risk of progression to 


total occlusion. 
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The Western Washington Myocardial Infarction 
Registry and Emergency Department Tissue 
Plasminogen Activator Treatment Trial 

Ralph Althouse, Charles Maynard, Manuel D. Cerqueira, 
Michele Olsufka, James L. Ritchie, and J. Ward Kennedy 


During 1 year, of 1,028 patients with acute myocardial infarc- 
tion evaluated for eligibility for thrombolytic therapy, 221 
(22%) were eligible; 175 (79%) of these 221 were correctly 
identified by emergency physicians and 160 (72%) were en- 
rolled. The initial management of AMI with recombinant tis- 
sue plasminogen activator in the emergency department pro- 
vided rapid and safe treatment comparable to that reported in 
trials that started treatment in the coronary care unit. 


1304 EN E ee ee 
Ability of Calcium-Entry Blockade by Felodipine to 
Disclose Different Pathogenetic Mechanisms Behind 
Hyperventilation-Induced Myocardial Ischemia in Men 
Diego Ardissino, Stefano Savonitto, Paola Zanini, Paolo 
Barberis, Stefano De Servi, Alberto Rolla, and Giuseppe 
Specchia 


To see if hyperventilation-induced myocardial ischemia occur- 
ring during either the overbreathing or recovery stages is based 
on different pathogenetic mechanisms, we studied 2 consecu- 
tive series of patients who developed either early or late ST- 
segment depression during a run-in hyperventilation test, ad- 
ministering a single oral dose of placebo or of felodipine, a new 
vasoselective calcium antagonist, on 2 consecutive days in a 
randomized, double-blind, crossover design. Our findings con- 
firm that early hyperventilation-induced ST-segment depres- 
sion is related to increased oxygen consumption, which cannot 
be prevented by felodipine; but, felodipine was highly effective 
in preventing delayed ischemia, which is due to a primary re- 
duction in coronary blood flow. 


1309 ae ee ee eS et 
Long-Term Prognosis of Myocardial Ischemia Detected 
by Holter Monitoring in Peripheral Vascular Disease 
Khether E. Raby, Lee Goldman, E. Francis Cook, Joanna 
Rumerman, Joan Barry, Mark A. Creager, and Andrew P. 
Selwyn 


To assess the long-term prognostic significance of myocardial 
ischemia, as measured by ambulatory electrocardiographic 
monitoring, we prospectively studied 176 eligible patients 
scheduled for elective peripheral arterial vascular surgery. In 
patients with peripheral vascular disease, who often are unable 
to perform adequate exercise testing, ambulatory monitoring 
for myocardial ischemia is a significant independent predictor 
of long-term prognosis. 
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Harvey S. Hecht, Richard E Shaw, Thomas R. Bruce, 
-Colman Ryan, Simon H. Stertzer, and Richard K. Myler 


In 116 patients (61 [53%] with 1-vessel and 55 [47%] with 
multivessel percutaneous transluminal coronary angioplasty), 
we evaluated the role of tomographic thallium-201 exercise 
imaging in the detection of restenosis after PTCA. Single-pho- 
ton emission computed tomography thallium-201 imaging is 
an excellent tool for the detection of restenosis and disease 
progression after 1- or multivessel PTCA and complete or par- 
tial revascularization. 


1319 


Glen J. Kowalchuk, Samuel C. Siu, and Stanley M. Lewis 


Angiographic findings of 84 consecutive elderly patients with 
coronary artery disease were examined to determine their suit- 
ability for coronary artery bypass grafting and percutaneous 
transluminal coronary angioplasty. We found that in octoge- 
narians with CAD, cardiac catheterization will often reveal 
coronary anatomy that is suitable for CABG but less often 
suitable for PTCA. Morbidity and mortality associated with 
these interventions are high. 


tg EE CES SCH 
Prevalence and Correlates of Increased Lung/Heart 
Ratio of Thallium-201 During Dipyridamole Stress 
Imaging for Suspected Coronary Artery Disease 
Flordeliza S. Villanueva, Sanjiv Kaul, William H. Smith, Denny 
D. Watson, Shailendra K. Varma, and George A. Beller 


Multivariate analysis demonstrated that the presence of redis- 
tribution and left ventricular cavity dilatation were the most 
significant correlates of lung/heart thallium-201 ratio in 87 
patients undergoing dipyridamole thallium-201 stress testing. 
Increased pulmonary thallium-201 uptake may be a marker of 
functionally more significant coronary artery disease. 


ERR SUE e EE Oe EE ee SNE 
Sudden Death Behind the Wheel from Natural Disease 
in Drivers of Four-Wheeled Motorized Vehicles 

David H. Antecol and William C. Roberts 


We examined the heart and major arteries and reports of other 
body organs in 30 persons who died from natural disease while 
behind the wheel of an automobile, truck or bus. The major 
focus of this report is on the extent of coronary artery disease 
present and on the frequency and types of myocardial lesions. 


SYSTEMIC HYPERTENSION 


MI aa SAN tA) EEN 
Changes in Plasma Free Fatty Acids and Glycerols 
During Prolonged Exercise in Trained and Hypertensive 
Persons Taking Propranolol and Pindolol 

Jacquelyn K. Jesek, Nicholaus B. Martin, Craig E. Broeder, 
Evan L. Thomas, Kathleen C. Wambsgans, Zandrie Hofman, 
John L. Ivy, and Jack H Wilmore 


The extent to which lipolysis is attenuated at prolonged sub- 
maximal exercise during therapy with 8 blockade was deter- 
mined in 12 normotensive endurance trained and 12 hyperten- 
sive sedentary men using drugs with and without intrinsic sym- 
pathomimetic activity. Beta-adrenergic blockade did not atten- 
uate lipolysis in the untrained hypertensive subjects when 
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compared with results during placebo administration. How- 
ever, blockade attenuated lipolysis in the trained normotensive 
subjects when compared with results during placebo therapy. 


1342 LES ee ee 
Effects of Renin Inhibition in Systemic Hypertension 
Pamela W. Anderson, Yung S. Do, Morris Schambelan, 
Richard Horton, Robert S. Boger, Robert R. Luther, and Willa 
A. Hsueh 


The effects of the direct renin inhibitor enalkiren (Abbott Lab- 
oratories) on blood pressure, the renin-angiotensin-aldosterone 
system, and urinary prostacyclin were examined in 8 healthy 
patients with essential hypertension. Results show that enal- 
kiren is effective in decreasing blood pressure and in inhibiting 
the renin system, without altering urinary prostacyclin excre- 
tion, suggesting that the renin system contributes to the main- 
tenance of elevated blood pressure in some patients with essen- 
tial hypertension. 


CONGESTIVE HEART FAILURE 


$346 a eee 
importance of Hemodynamic Response to Therapy in 
Predicting Survival with Ejection Fraction <20% 
Secondary to Ischemic or Nonischemic Dilated 
Cardiomyopathy 

Lynne Warner Stevenson, Jan H. Tillisch, Michele Hamilton, 
Michael Luu, Catherine Chelimsky-Fallick, Jaime Moriguchi, 
Jon Kobashigawa, and Julie Walden 


To identify patients with ejection fractions <20% who are like- 
ly to survive on tailored medical therapy after referral to trans- 
plantation, we studied 152 patients before and after vasodilator 
and diuretic therapy tailored to hemodynamic goals. Although 
survival with ejection fraction <20% is better than previously 
described, early transplantation should be considered when 
ventricular filling pressure cannot be adequately decreased, 
particularly if coronary artery disease is present. 


VALVULAR HEART DISEASE 


eg He e e a T Me 
Use of Auscultation to Follow Patients with Mitral 
Systolic Clicks and Murmurs 

Oswald B. Tofler and Geoffrey H. Tofler 


To determine the clinical significance of an auscultatory classi- 
fication of mitral systolic clicks with or without precordial sys- 
tolic murmurs, a cardiologic consultant’s medical records of 
291 patients with these signs were reviewed. The prognosis for 
these patients was excellent over an 8-year average follow-up. 
In particular, patients with apical systolic clicks without mur- 
murs did not develop severe mitral regurgitation or require 
surgery. Because clinical outcome relates to symptoms and 
auscultatory findings, an auscultatory classification based on 


the presence of clicks with or without a murmur may be pret, ` 


erable to an echocardiographic classification for patient 
management. 


MISCELLANEOUS 


1339 Ee EE E 
Quantitative Analysis of Ventricular Late Potentials in 
Healthy Subjects 

Angelo A. Raineri, Marcello Traina, Antonino Rotolo, and 
Renzo M. R. Lombardo 


To define normal value ranges for signal-averaged electrocar- 
diograms, we recorded signal-averaged electrocardiograms in 
61 subjects (33 men, 28 women) without evidence of systemic 
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hypertension or cardiac or metabolic disease. Our results 
showed a significant difference in QRS duration between men 
and women, although normalization of QRS duration for 
height cancelled out that difference, suggesting that adoption 
of criteria related to either gender or to body characteristics is 
warranted when interpreting signal-averaged electrocardio- 
graphic values. 





METHODS 
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Validation of a Computerized Technique for Detection 
of the Gas Exchange Anaerobic Threshold in Cardiac 
Disease 

Kenneth Dickstein, Stale Barvik, Torbjorn Aarsland, Steven 
Snapinn, and Jay Millerhagen 


Respiratory gas exchange data were collected from 77 men >6 
months after acute myocardial infarction. The gas exchange 
anaerobic threshold was determined by analysis of the VCO, 
vs VO, curve below a respiratory exchange ratio of 1.00 using 
a computerized algorithm. Results demonstrate that this AT ge 
method correlates well with the lactate acidosis threshold, is 
reproducible, and should be useful as an objective measure of 
submaximal exercise performance. 
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dien Figures 2 (page 51C) and 4 më 52C) in the article 
“Acebutolol Effects on Lipid Profile” by Harold Schnaper. The cor- 
rect figures appear below. 


Acebutolol Amlodipine Chiorthalidone Doxazosin Enalapril Placebo 
Treatment Group 
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Rapid heart rate. Increased Bp Afthythmia. When the symptoms don’t make 
sense... the reason may be substance abuse. 

Even “occasional” use of cocaine can cause a wide range of physiological and 
psychological symptoms that may mimic systemic disease. Even more frightening is 
the fact that cocaine can cause sudden death, regardless of the dose, blood levels, 
or route of administration. 

Help your patients stop illegal drug use before it stops them. Ask about abuse as a 
routine part of your examination. 

For information, healthcare professionals may call the National Clearinghouse 

for Alcohol and Drug Abuse: 1-301-468-2600, Monday through Friday, 8:30 AM— 
4:30 PM EST. 


HELP STOP SUBSTANCE ABUSE. 
ASK THE QUESTIONS. 


Partnership for a Drug-Free America 


rg 


MC-7 


wer = ee => Week 





= =2--s3 a= 3 = SS SS be 








American 
Journal 


of 
Cardiology 








CORONARY ARTERY DISEASE 


aR Ee ee as ee ss Sys TN 
Usefulness of Late Coronary Thrombolysis (Recombinant 
Tissue-Type Plasminogen Activator) in Preserving Left 
Ventricular Function in Acute Myocardial Infarction 

Bruno Villari, Federico Piscione, Domenico Bonaduce, Paolo Golino, 
Tonino Lanzillo, Mario Condorelli, and Massimo Chiariello 


The effects of recombinant tissue-type plasminogen activator (rt-PA) 
administration on left ventricular (LV) function and early myocardial 
expansion in patients with acute myocardial infarction (AMI) were evalu- 
ated. Sixty patients were classified into 3 groups: 21 admitted within 4 
hours from AMI received rt-PA (group A); 39 admitted 4 to 8 hours after 
AMI were randomly assigned to rt-PA (group B, n = 19) or conventional 
therapy (group C, n = 20). LV and coronary angiograms were recorded 8 
to 10 days after AMI. The patency rate of the infarct-related vessel was 
76% in group A, and 63 and 35% in group B and C, respectively. Signifi- 
cantly lower end-diastolic and end-systolic volume indexes and a smaller 
number of hypokinetic and akinetic-dyskinetic segments in group A and B 
than in group C were found. Global and regional (ischemic zone) ejection 
fractions were greater in groups A and B than in group C. The shortening 
of the central ischemic zone was significantly higher in group A than in 
groups B and C. These data confirm the efficacy of early rt-PA adminis- 
tration and suggest that late reperfusion by rt-PA may act beneficially on 
LV volumes and function. 
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Usefulness of Antithrombotic Therapy in Resting Angina 
Pectoris or Non-Q-Wave Myocardial Infarction in Preventing 
Death and Myocardial Infarction (a Pilot Study from the 
Antithrombotic Therapy in Acute Coronary Syndromes Study 
Group) 

Marc Cohen, Philip C. Adams, Linda Hawkins, Matt Bach, and 

Valentin Fuster 


In a prospective pilot trial of antithrombotic therapy in the acute coronary 
syndromes of resting and unstable angina pectoris or non-Q-wave myocar- 
dial infarction, we compared the efficacy of 3 different antithrombotic 
regimens in the prevention of recurrent ischemic events. Ninety-three 
consecutive patients were randomized to receive aspirin (325 mg/day), or 
full-dose heparin followed by warfarin, or the combination of aspirin (80 
mg/day) plus heparin and then warfarin. Trial therapy was added to 


Continued on page A14 
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standardized antianginal medication and was continued for 3 months or 
until an end point was reached. End points, assessed at 3 months, were 
recurrent myocardial ischemia, myocardial infarction, death, and major 
bleeding. During trial therapy, no patient died, had a Q-wave infarction, 
or a major bleed. However, irrespective of the antithrombotic regimen 
used, and even with combination therapy, a substantial fraction of patients 
had recurrent myocardial ischemia and were referred for percutaneous 
transluminal coronary angioplasty or for coronary artery bypass grafting. 
Antithrombotic therapy, coupled with early intervention after recurring 
myocardial ischemia, is associated with a low rate of death or infarction 
within the first 3 months. 
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Angiographic Progression to Total Coronary Occlusion in 
Hyperlipidemic Patients After Acute Myocardial Infarction 

Joe K. Bissett, William L. Ngo, Richard P. Wyeth, John P. Matts, and the 
POSCH Group 


The progression of coronary artery stenosis to total occlusion was assessed 
in 413 hyperlipidemic patients with a history of myocardial infarction. A 
new finding of total occlusion occurred in 4% (30 of 748) and 7% (40 of 
605) of coronary artery segments at 3 and 5 years, respectively. Lesions of 
>60% became occluded more frequently at both 3 and 5 years (p <0.001 ). 
If the risk of progression to total occlusion was determined for the right, 
left circumflex and left anterior descending coronary arteries, the right 
coronary artery showed the greatest risk of progression to occlusion by 5 
years (p <0.02). Serum triglycerides and total cholesterol were also asso- 
ciated with progression to total occlusion by 5 years. 


St ERE Sh ES SS EE E E EE ee LET Za RS 
The Western Washington Myocardial Infarction Registry and 
Emergency Department Tissue Plasminogen Activator 
Treatment Trial 

Ralph Althouse, Charles Maynard, Manuel D. Cerqueira, Michele Olsufka, 
James L. Ritchie, and J. Ward Kennedy 


During 1 year, 1,028 patients with acute myocardial infarction (AMI) 
were evaluated for eligibility for thrombolytic therapy; 221 (22%) were 
eligible: 175 (79%) were correctly identified by emergency physicians and 
160 (72%) were enrolled. Only 3 treated patients (2%) did not have 
documented AMI. Patients (n = 807, 78%) were not eligible because of 
nondiagnostic electrocardiograms (36%), contraindications to thrombo- 
lytic therapy (33%), age >75 years or presentation >6 hours from symp- 
tom onset (10%). Initial management of AMI with recombinant tissue 
plasminogen activator in the emergency department provided rapid and 
safe treatment. Up to 33% of AMI patients could be treated if age >75 
and >6 hours of chest pain were not considered restrictions to treatment. 
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Ability of Calcium-Entry Blockade by Felodipine to Disclose 
Different Pathogenetic Mechanisms Behind Hyperventilation- 
Induced Myocardial Ischemia in Men 

Diego Ardissino, Stefano Savonitto, Paola Zanini, Paolo Barberis, Stefano 
De Servi, Alberto Rolla, and Giuseppe Specchia 


To verify that hyperventilation-induced myocardial ischemia occurring 
during either overbreathing or recovery is based on different pathogenetic 
mechanisms, we investigated the effects of the vasoselective calcium an- 
tagonist felodipine in 27 patients with a positive response to a hyperventi- 
lation test and with angiographically proven coronary artery disease. Fif- 
teen patients showed ST-segment depression during overbreathing and 12 
patients showed ST-segment depression during recovery. According to a 
double-blind, crossover design, we administered oral felodipine or placebo 
on 2 consecutive days and compared their effects on hyperventilation- 
induced myocardial ischemia and on coronary circulation. Felodipine did 
not modify the ischemia occurring during overbreathing, which was due to 
an increased oxygen demand, but it completely inhibited ischemia occur- 
ring during recovery, which was due to coronary vasoconstriction. This 
study gives both direct and indirect evidence of the double pathogenetic 
mechanism behind hyperventilation-induced myocardial ischemia. 


et EBS PEE Bree RR BE NE Er: | wh, EE 
Long-Term Prognosis of Myocardial Ischemia Detected by 
Holter Monitoring in Peripheral Vascular Disease 

Khether E. Raby, Lee Goldman, E. Francis Cook, Joanna Rumerman, 
Joan Barry, Mark A. Creager, and Andrew P. Selwyn 


To assess the long-term prognostic significance of myocardial ischemia, as 
measured by ambulatory electrocardiographic monitoring, we prospec- 
tively studied 176 eligible patients scheduled for elective peripheral arteri- 
al vascular surgery. Thirty-two patients (18%) had a total of 75 episodes of 
ischemia. During a mean follow-up period of 615 days, 12 events occurred 
in 32 patients with ischemia (38%), including 6 cardiac deaths and 6 
myocardial infarctions, and in 10 of 144 patients without ischemia (7%), 
including 3 cardiac deaths and 7 infarctions (risk ratio 5.4, 95% confi- 
dence interval 2.6 to 11.4). In a multivariate Cox proportional-hazards 
model, the presence of ischemia was the only independent predictor of 
outcome. In patients with peripheral vascular disease, who often are un- 
able to perform adequate exercise testing, ambulatory monitoring for 
myocardial ischemia is a significant independent predictor of long-term 
prognosis. 
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Usefulness of Tomographic Thallium-201 Imaging for 
Detection of Restenosis After Percutaneous Transluminal 
Coronary Angioplasty 

Harvey S. Hecht, Richard E. Shaw, Thomas R. Bruce, Colman Ryan, 
Simon H. Stertzer, and Richard K. Myler 


The role of tomographic thallium-201 exercise imaging in the detection of 
restenosis after percutaneous transluminal coronary angioplasty (PTCA) 
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thmol 
propafenone HCI 


INDICATIONS AND USAGE 

RYTHMOL (propafenone HCI) is indicated for the treatment of documented ventricular 
arrhythmias, such as sustained ventricular tachycardia, that in the judgement of the 
physician, are life threatening. Because of the proarrhythmic effects of RYTHMOL, its use 
should be reserved for patients in whom, in the opinion of the physician, the benefits of 
treatment outweigh the risks. The use of RYTHMOL is not recommended for use in patients 
with less severe ventricular arrhythmias, even if the patients are symptomatic. Use of 
RYTHMOL for the treatment of sustained ventricular tachycardia, like other antiarrhythmics, 
should be initiated in the hospital. 

CONTRAINDICATIONS 

RYTHMOL (propafenone HCI) is contraindicated in the presence of uncontrolled congestive 
heart failure, cardiogenic shock, sinoatrial, atrioventricular and intraventricular disorders of 
impulse generation and/or conduction (e.g., sick sinus node syndrome, atrioventricular 
block) in the absence of an artificial pacemaker, bradycardia, marked hypotension, bron- 
chospastic disorders, manifest electrolyte imbalance, and known hypersensitivity to the drug. 
WARNINGS: 

Mortality: In the National Heart Lung and Blood Institute’s Cardiac Arrhythmia Suppression 
Trial (CAST), a longterm, multicenter, randomized, double blind study in patients with 
asymptomatic non life threatening ventricular ectopy who had a myocardial infarction more 
than six days but less than two years previously and demonstrated mild to moderate left 
ventricular dysfunction, an excessive mortality or nonfatal cardiac arrest rate was seen in 
patients treated with encainide or flecainide (56/730) compared with that seen in patients 
assigned to carefully matched placebo treated groups (22/725). The average duration of 
treatment with encainide or flecainide in this study was ten months. The applicability of these 
results to other populations (e.g., those without recent myocardial infarction and to other 
antiarrhythmic drugs) is uncertain, but at present it is prudent (1) to consider any IC agent 
ogee one documented to provoke new serious arrhythmias) to have a similar risk and 
2) to consider the risks of Class IC agents, coupled with the lack of any evidence of 
improved survival, generally unacceptable in patients without life threatening ventricular 
arrhythmias, even if the patients are experiencing unpleasant, but not life threatening, 
symptoms or signs. 

Proarrhythmic Effects 

RYTHMOL, like other antiarrhythmic agents, may cause new or worsened arrhythmias. Such 
proarrhythmic effects range from an increase in frequency of PVCs to the development of 
more severe ventricular tachycardia, ventricular fibrillation or torsade de pointes; i.e., 
tachycardia that is more sustained or more rapid which may lead to fatal consequences. It is 
therefore essential that each patient given RYTHMOL be evaluated electrocardiographically 
and clinically prior to, and during therapy to determine whether the response to RYTHMOL 
(propafenone HCl) supports continued treatment.Overall in clinical trials with propafenone, 
4.7% of all patients had new or worsened ventricular arrhythmia possibly representing a 
proarrhythmic event (0.7% was an increase in PVCs; 4.0% a worsening, or new appearance, 
of VT or VF). Of the patients who had a worsening of VT (4%), 92% had a history of VT 
and/or VT/VF, 71% had coronary artery disease, and 68% had a prior myocardial infarction. 
The incidence of proarrhythmia in patients with less serious or benign arrhythmias, which 
include patients with an increase in frequency of PVCs, was 1.6%. Although most 
proarrhythmic events occurred during the first week of therapy, late events also were seen 
and the CAST study (see above) suggests that an increased risk is present throughout 
treatment. 

Nonallergic Bronchospasm (e.g., chronic bronchitis, emphysema) 

PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD, IN GENERAL, NOT RECEIVE 
PROPAFENONE or other agents with beta adrenergic blocking activity. 

Congestive Heart Failure 

During treatment with oral propafenone in patients with depressed baseline function (mean 
EF=33.5%), no significant decreases in ejection fraction were seen. In clinical trial 
experience, new or worsened CHF has been reported in 3.7% of patients; of those 0.9% were 
considered probably or definitely related to RYTHMOL. Of the patients with congestive heart 
failure probably related to propafenone, 80% had preexisting heart failure and 85% had 
coronary artery disease. CHF attributable to RYTHMOL developed rarely (<0.2%) in patients 
who had no previous history of CHF. As RYTHMOL exerts both beta blockade and a (dose 
related) negative inotropic effect on cardiac muscle, patients with congestive heart failure 
should be fully compensated before receiving RYTHMOL. If congestive heart failure 
worsens, RYTHMOL should be discontinued (unless congestive heart failure is due to the 
cardiac arrhythmia) and, if indicated, restarted at a lower dosage only after adequate cardiac 
compensation has been established. 

Conduction Disturbances 

RYTHMOL slows atrioventricular conduction and also causes first degree AV block. Average 
PR interval prolongation and increases in QRS duration are closely correlated with dosage 
increases and concomitant increases in propafenone plasma concentrations. The incidence 
of first degree, second degree, and third degree AV block observed in 2,127 patients was 
2.5%, 0.6%, and 0.2%, respectively. Development of second or third degree AV block 
requires a reduction in dosage or discontinuation of RYTHMOL. Bundle branch block (1.2%) 
and intraventricular conduction delay (1.1%) have been reported in patients receiving 
propafenone. Bradycardia has also been reported (1.5%). Experience in patients with sick 
sinus node syndrome is limited and these patients should not be treated with propafenone. 
Effects on Pacemaker Threshold 

RYTHMOL may alter both pacing and sensing thresholds of artificial pacemakers. 
Pacemakers should be monitored and programmed accordingly during therapy. 

Hematologic Disturbances 

One case of agranulocytosis with fever and sepsis, probably related to use of propafenone, 
was seen in U.S. clinical trials. The agranulocytosis appeared after 8 weeks of therapy. 
Propafenone therapy was stopped and the white count had normalized by 14 days. The 
patient recovered. In the course of over 800,000 patient years of exposure during marketing 
outside the U.S. since 1978, seven additional cases have been reported. In one of these, 
concomitant captopril, a drug known to cause agranulocytosis, was used. Unexplained fever 
and/or decrease in white cell count, particularly during the first three months of therapy, 
warrant consideration of possible agranulocytosis/granulocytopenia. Patients should be 
instructed to promptly report the development of any signs of infection such as fever, sore 
throat, or chills. 

PRECAUTIONS 

Hepatic Dysfunction: 

Propafenone is highly metabolized by the liver and should, therefore, be administered 
cautiously to patients with impaired hepatic function. The dose of propafenone given to 
patients with impaired hepatic function should be significantly reduced. Careful monitoring 
for excessive pharmacological effects (see OVERDOSAGE) should be carried out. 

Renal Dysfunction: 

A considerable percentage of propafenone metabolites (18.5%-38% of the dose/48 hours) 
are excreted in the urine. Until further data are available, RYTHMOL should be administered 
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monitored for signs of overdosage (see OVERDOSAGE). 
Elevated ANA Titers: E en ae 
Positive ANA titers have been reported in patients receiving propafenone. Patients who ` 
develop an abnormal ANA test should be carefully evaluated and, if persistent or worsening ` ` 
elevation of ANA titers is detected, consideration should be given to discontinuing therapy. = 
Impaired Spermatogenesis: i 
Reversible disorders of spermatogenesis have been demonstrated in monkeys, dogs and ` 
rabbits after high dose intravenous administration. Evaluation of the effects of short term 
propafenone administration on spermatogenesis in 11 normal subjects suggests that ` “A 
propafenone produced a reversible, short term drop (within normal range) in sperm count. 
Subsequent evaluations in 11 patients receiving propafenone chronically have suggested no hag 
effect of propafenone on sperm count. A 
Drug Interactions: Quinidine: Small doses of quinidine completely inhibit the hydroxylation ` 
metabolic pathway, making all patients, in effect, slow metabolizers. There is, as yet, too little = 
information to recommend concomitant use of propafenone and quinidine. Local ` 
Anesthetics: Concomitant use of local anesthetics may increase the risks of central nervous ` 
system side effects. Digitalis: RYTHMOL produces dose related increases in serum digoxin = 
levels ranging from about 35% at 450 mg/day to 85% at 900 mg/day propafenone without — 
affecting digoxin renal clearance. Digoxin dosage should ordinarily be reduced when ` 
propafenone is started. Beta-Antagonists: Propafenone appears to inhibit the hydroxylation ` 
pathway for propranolol and metoprolol (just as quinidine inhibits propafenone metabolism). 
While the therapeutic range for beta-blockers is wide, a reduction in dosage may be | 
necessary during concomitant administration with propafenone. Warfarin: In a study of 
eight healthy subjects receiving propafenone and warfarin concomitantly, mean steady-state d 
warfarin plasma concentrations increased 39% with a corresponding increase in d 
prothrombin times of approximately 25%. It is therefore recommended that prothrombin ` ` 4 
a 
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cautiously to patients with impaired renal function. These patients should be carefully d y 


times be routinely monitored and the dose of warfarin be adjusted if necessary. Cimetidine: 
Concomitant administration of propafenone and cimetidine in 12 healthy subjects resulted in 
a 20% increase in steady-state plasma concentrations of propafenone with no detectable 
changes in electrocardiographic parameters beyond that measured on propafenone alone. 
Other: Limited experience with propafenone combined with calcium antagonists and 
diuretics has been reported without evidence of clinically significant adverse reactions. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Life time maximally tolerated oral 
dose studies in mice (up to 360 mg/kg/day) and rats (up to 270 mg/kg/day) provided no 
evidence of a carcinogenic potential for propafenone. RYTHMOL was not mutagenic when j 
assayed for genotoxicity. Pregnancy Teratogenic Effects: Pregnancy Category C.: 2 
Propafenone has been shown to be embryotoxic in rabbits and rats when given in doses 10 A 
and 40 times, respectively, the maximum recommended human dose. No teratogenic 
potential was apparent in either species. There are no adequate and well controlled studies in ‘ 
pregnant women. Propafenone should be used during pregnancy only if the potential benefit 
justifies the potential risk to the fetus. Pregnancy Nonteratogenic Effects: In a perinatal and 
postnatal study in rats, propafenone, at dose levels of 6 or more times the maximum ` —— 
recommended human dose, produced dose dependent increases in maternal and neonatal ei 
mortality, decreased maternal and pup body weight gain and reduced neonatal physiological 
development. Labor and Delivery: It is not known whether the use of propafenone during : 
labor or delivery has immediate or delayed adverse effects on the fetus, or whether it | 
prolongs the duration of labor or increases the need for forceps delivery or other obstetrical 
intervention. Nursing Mothers: It is not known whether this drug is excreted in human milk. 
Because many drugs are excreted in human milk and because of the potential for serious 
adverse reactions in nursing infants from RYTHMOL, a decision should be made whether to 
discontinue nursing or to discontinue the drug, taking into account the importance of the 

drug to the mother. 

Pediatric Use: The safety and efficacy of RYTHMOL in children has not been established. 

Geriatric Use: There do not appear to be any age-related differences in adverse reaction rates 

in the most commonly reported adverse reactions. Because of the possible increased risk of 
impaired hepatic or renal function in this age group, RYTHMOL should be used with caution. 

The effective dose may be lower in these patients. 

ADVERSE REACTIONS 
Adverse reactions associated with RYTHMOL (propafenone HC!) occur most frequently in the 4 
gastrointestinal, cardiovascular, and central nervous systems. About 20% of patients 
discontinued due to adverse reactions. F 
Adverse reactions reported for 21% of 2,127 patients who received propafenone in U.S. . 
clinical trials are presented in the following list. Dizziness, Nausea and/or Vomiting, Unusual di 
Taste, Constipation, Fatigue, Dyspnea, Proarrhythmia, Angina, Headache(s), Blurred Vision, 
CHF, Ventricular Tachycardia, ptr Me Palpitations, Rash, First Degree AV Block, Diarrhea, 
Weakness, Dry Mouth, Syncope/Near Syncope, Increased QRS Duration, Chest Pain, 
Anorexia, Abdominal Pain/Cramps, Ataxia, Insomnia, Premature Ventricular Contraction(s), 
Bradycardia, Anxiety, Edema, Tremor(s), Diaphoresis, Bundle Branch Block, Drowsiness, 
Atrial Fibrillation, Flatulence, Hypotension, Intraventricular Conduction Delay, Joint(s) Pain. 

in addition, the following adverse reactions were reported less frequently than 1% either in 
clinical trials or in marketing experience (adverse events for marketing experience are given 
in italics). Causality and relationship to propafenone therapy can not necessarily be judged 
from these events. Cardiovascular System: Atrial flutter, AV dissociation, cardiac arrest, 
flushing, hot flashes, sick sinus syndrome, sinus pause or arrest, supraventricular 
tachycardia. Nervous System: Abnormal dreams, abnormal speech, abnormal vision, apnea, 
coma, confusion, depression, memory loss, numbness, paresthesias, psychosis/mania, 
seizures (0.3%), tinnitus, unusual smell sensation, vertigo. Gastrointestinal: A number of = 
patients with liver abnormalities associated with propafenone therapy have been reportedin ` 
foreign postmarketing experience. Some appeared due to hepatocellular injury, some were N 
cholestatic and some showed a mixed picture. Some of these reports were, simply 
discovered through clinical chemistries, others because of clinical symptoms. One case was 
rechallenged with a positive outcome. Cholestasis (0.1%), elevated liver enzymes (alkaline | 
phosphatase, serum transaminases) (0.2%), gastroenteritis, hepatitis (0.03%) Hematologic: 
Agranulocytosis, anemia, bruising, granulocytopenia, increased bleeding time, leukopenia, E 
purpura, thrombocytopenia. Other: Alopecia, eye irritation, hyponatremia/inappropriate ADH 
secretion, impotence, increased glucose, kidney failure, positive ANA (0.7%), lupus 
erythematosis, muscle cramps, muscle weakness, nephrotic syndrome, pain, pruritus. a 
OVERDOSAGE 3 
The symptoms of overdosage, which are usually most severe within 3 hours of ingestion, d 
may include hypotension, somnolence, bradycardia, intraatrial and intraventricular 
conduction disturbances, and rarely convulsions and high grade ventricular arrhythmias. A 
Defibrillation as well as infusion of dopamine and isoproterenol have been effective in ) 
controlling rhythm and blood pressure. Convulsions have been alleviated with intravenous 
diazepam. General supportive measures such as mechanical respiratory assistance and 


external cardiac massage may be necessary. 4 
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was evaluated in 116 patients, 61 (53%) with 1-vessel and 55 (47%) with 
multivessel PTCA, with a total of 185 dilated vessels. Complete revascu- 
larization was performed in 89 (77%) and partial revascularization in 27 
(23%) of the patients. Restenosis was angiographically demonstrated in 
69 (60%) of the patients and in 85 (46%) of the vessels; disease progression 
in previously normal vessels was noted in 11 patients. Single-photon emis- 
sion computed tomography detected restenosis with a sensitivity, specific- 
ity and accuracy of 93, 77 and 86% for the entire patient group and 86, 86 
and 86% in specific vessels with comparable results after 1- or multivessel 
PTCA and complete or partial revascularization. Disease progression was 
identified with a sensitivity, specificity and accuracy of 91, 84 and 85%. 
Single-photon emission computed tomographic thallium-201 imaging is 
an excellent tool for the detection of restenosis and disease progression 
after 1- or multivessel PTCA and complete or partial revascularization. 
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Coronary Artery Disease in the Octogenarian: Angiographic 
Spectrum and Suitability for Revascularization 

Glen J. Kowalchuk, Samuel C. Siu, and Stanley M. Lewis 





The coronary angiographic findings of 84 octogenarians presenting with 
severe or unstable angina were examined to assess the extent of coronary 
artery disease as well as suitability for both coronary artery bypass surgery 
and coronary angioplasty. The frequency of 0-, 1-, 2- and 3-vessel and left 
main coronary artery disease was 7, 14, 21, 57 and 13%, respectively. 
Based on angiographic findings, coronary artery bypass surgery and coro- 
nary angioplasty were feasible in 88 and 31% of patients, respectively. 
Revascularization procedures were associated with significant morbidity 
and mortality in this patient group. 
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Prevalence and Correlates of Increased Lung/Heart Ratio of 
Thallium-201 During Dipyridamole Stress Imaging for 
Suspected Coronary Artery Disease 

Flordeliza S. Villanueva, Sanjiv Kaul, William H. Smith, Denny D. Watson, 
Shailendra K. Varma, and George A. Beller 





The clinical characteristics and thallium-201 findings were correlated 
with lung/heart thallium-201 ratio in 87 patients undergoing dipyrida- 
mole thallium-201 stress testing. Nineteen patients (22%) had an elevated 
ratio (>0.51) that was associated with a prior infarction, B-blocker thera- 
py and lower rate-pressure product after dipyridamole infusion. It was also 
associated with a greater likelihood of initial, redistribution and persistent 
defects, as well as left ventricular cavity dilatation on thallium-201 imag- 
ing (p <0.05). Multivariate analysis demonstrated that the presence of 
redistribution and left ventricular cavity dilatation were the most signifi- 
cant correlates of lung/heart thallium-201 ratio. As with exercise thalli- 
um-201 imaging, therefore, increased pulmonary thallium-201 uptake 
may be a marker of functionally more significant coronary artery disease. 
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Reducing high blood cholesterol reduces the risk of heart disease. That's why we're telling Americans— 
through a national public service advertising campaign—to know their cholesterol number. Your patients 
may soon be asking you for their number and what it means. 

And when they do, we can help. The National Cholesterol Education Program, administered by the 

| National Heart, Lung, and Blood Institute, has developed adult treatment guidelines to help you identify 
+ high-risk patients and use the appropriate diet and/or drug therapy for those with elevated cholesterol levels. 

Help your patients reduce their risk of heart disease. For a free copy of the Report of the Expert Panel 

on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults, complete the form below. 
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Sudden Death Behind the Wheel from Natural Disease in 
Drivers of Four-Wheeled Motorized Vehicles | 
David H. Antecol and William C. Roberts "3 


oe The heart was studied in 30 persons who died suddenly from natural 
ee causes in the driver’s seat of an automobile, truck or bus. Twenty had 


Bar cardiac arrest while driving and the other 10 while sitting in the driver’s 
ees seat of a parked vehicle. Of the 20 drivers, 16 died from atherosclerotic 
Ke-- coronary artery disease (CAD). Of the 16 with fatal CAD, an average of 
E 2.3 + 0.8 of the 4 major coronary arteries were narrowed >75% in cross- 
ae sectional area by plaque. The remaining 4 drivers died from noncoronary 
E conditions. The other 10 were found dead in the driver’s seat of a parked 
E. vehicle and 8 of them had fatal CAD. Victims dying suddenly from CAD 
ke while driving are similar to other out-of-hospital sudden coronary death 


victims with respect to mean age, gender, heart weight, frequency of 
healed myocardial infarcts, number of major epicardial coronary arteries 


Ki severely narrowed, and the percentage of 5-mm-long segments of the 4 
E" major coronary arteries narrowed by atherosclerotic plaque. 

q 
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Changes in Plasma Free Fatty Acids and Glycerols During 
Prolonged Exercise in Trained and Hypertensive Persons 
Taking Propranolol and Pindolol 

Jacquelyn K. Jesek, Nicholaus B. Martin, Craig E. Broeder, Evan L. 
Thomas, Kathleen C. Wambsgans, Zandrie Hofman, John L. Ivy, and 
Jack H. Wilmore 


The extent to which lipolysis is attenuated at prolonged submaximal 

exercise during therapy with 8 blockade was determined in 12 normoten- 

sive endurance-trained and 12 hypertensive sedentary men using drugs 

with and without intrinsic sympathomimetic activity (ISA). Subjects per- A 
formed a graded treadmill test to determine maximal oxygen uptake 
(VO2max). This was followed by 2-hour walks at 25 and 45% of each 

subject’s VO>max under each of 3 treatments: pindolol (ISA), propranolol 

(non-ISA) and placebo. The distribution of medication was randomized 

and double-blinded. Blood samples taken at rest and every 30 minutes 

during the 2-hour walks were analyzed to determine the concentrations of 

free fatty acids and glycerol. Beta-adrenergic blockade did not attenuate 

lipolysis in the untrained hypertensive subjects when compared with re- 

sults during placebo administration. However, 8 blockade tended to atten- 

uate lipolysis in the trained normotensive subjects when compared with 

results during placebo therapy. No differences between pindolol and pro- 

pranolol were observed. 


Continued on page A33 


A30 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 66 





Tip BZ T A CR ke FI Dk Ta TA Hee SC ie 
` fg e L " e ` 





CONTENTS/ABSTRACTS 


1342 

Effects of Renin Inhibition in Systemic Hypertension 

Pamela W. Anderson, Yung S. Do, Morris Schambelan, Richard Horton, 
Robert S. Boger, Robert R. Luther, and Willa A. Hsueh 
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The effects of the direct renin inhibitor enalkiren (Abbott Laboratories) 
on blood pressure, the renin-angiotensin-aldosterone system, and urinary 
prostacyclin were examined in 8 healthy patients with essential hyperten- 
sion. With an unrestricted sodium diet, plasma renin concentration was 
rapidly inhibited, mean arterial blood pressure and plasma aldosterone 
concentration declined progressively, plasma immunoreactive active renin 
concentration increased progressively, and urinary excretion of the stable 
metabolite of prostacyclin (6-keto-PGF,,) did not change significantly. 
The addition of a diuretic for 1 week decreased baseline blood pressure and 
increased baseline plasma renin and aldosterone values, but responses to 
enalkiren were not significantly different from those observed before diu- 
retic administration. Enalkiren is effective in lowering blood pressure and 
in inhibiting the renin system, without altering urinary prostacyclin excre- 
tion, in patients with essential hypertension. These results suggest that the 
renin system contributes to the maintenance of elevated blood pressure in 
some patients with essential hypertension. 
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Importance of Hemodynamic Response to Therapy in 
Predicting Survival with Ejection Fraction <20% Secondary to 
Ischemic or Nonischemic Dilated Cardiomyopathy 

Lynne Warner Stevenson, Jan H. Tillisch, Michele Hamilton, Michael Luu, 
Catherine Chelimsky-Fallick, Jaime Moriguchi, Jon Kobashigawa, and 
Julie Walden 


To identify patients with ejection fractions <20% who are likely to survive 
on tailored medical therapy after referral to transplantation, 152 patients 
were studied before and after therapy with vasodilators and diuretics 
tailored to hemodynamic goals. Despite initial average ejection fraction of 
0.15, cardiac index of 2.0 liters/min/m? and pulmonary artery wedge 
pressure of 28 mm Hg, actuarial survival during tailored therapy for 152 
patients was 63% at 1 year. Survival was unrelated to initial filling pres- 
sure elevation, but was best predicted by response to therapy, such that 
patients achieving pulmonary wedge pressure <16 mm Hg demonstrated 
having 1-year survival of 83 vs 38% (p = 0.0001 ). Serum sodium and the 
presence of coronary artery disease were also independently predictive. 
Although survival with ejection fraction <20% is better than previously 
described, early transplantation should be considered when ventricular 
filling pressures cannot be adequately decreased, particularly if coronary 
artery disease is present. 


Continued on page A37 
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As predictable as 
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Studies indicate that a similar circadian pattern also 
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Use of Auscultation to Follow Patients with Mitral Systolic 
Clicks and Murmurs 

Oswald B. Tofler and Geoffrey H. Tofler 


To determine the clinical significance of an auscultatory classification of 
mitral systolic clicks with or without murmurs, the medical records of 291 
patients with these signs were reviewed. Patients were divided into (1) 
single or multiple apical systolic clicks with no murmur (n = 99); (2) 
single or multiple apical systolic clicks and a late systolic murmur (n = 
129); and (3) single or multiple apical clicks associated with an apical 
pansystolic murmur or murmur beginning in the first half of systole (n = 
63). During follow-up (mean 8 years), 2 cardiac-related deaths occurred: 
1 each in classes 1 and 2. Mitral valve surgery was required in 3 class 2 
patients (2%) and in 2 class 3 patients (3%). No class 1 patient developed 
severe mitral regurgitation or required surgery. Auscultatory findings 
assisted in the explanation and relief of anxiety regarding palpitations, a 
major indication for cardiologic referral. For patient management, the use 
of an auscultatory-derived classification may be preferable to the techni- 
cally generated “‘mitral valve prolapse.” 
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Quantitative Analysis of Ventricular Late Potentials in Healthy 
Subjects 

Angelo A. Raineri, Marcello Traina, Antonino Rotolo, and 

Renzo M. R. Lombardo 


Few studies have been conducted in healthy subjects to assess normal 
values for signal-averaging electrocardiography. Sixty-one healthy sub- 
jects were enrolled in our study (33 men, 28 women). The results (mean + 
standard deviation) are as follows: duration of the filtered QRS (QRS 
duration ) was 95 + 10 ms; duration of the low-amplitude signals (LAS) in 
the terminal portion of QRS <40 uV (LAS <40) was 32 + 8 ms; and 
root-mean-square voltage in the last 40 ms (RMS-40) was 33 + 16 uV. A 
significant difference was noted in QRS duration between men and wom- 
en (98 + 11 vs92 + 6 ms, p = 0.006); however, no difference was found in 
LAS <40 (31 + 8 vs 34 + 8 ms) and in RMS-40 (36 + 17 vs 30 + 13 uV). 
QRS duration confidence limits of 95% were <114 ms for the total group, 
<120 ms for men and <104 ms for women. Normalization of QRS 
duration for height (normal value <66 ms/m) eliminated any difference 
between men and women. LAS <40 had an upper value of 48 ms in the 
total group, 46 ms in men and 50 ms in women. It was not possible to 
define normal values for RMS-40 because of the wide range of 95% limits 
of confidence. Adoption of criteria that are related either to gender or to 
body characteristics (QRS duration normalized for height) is warranted 
on the basis of this study. 


Continued on page A40 
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SYNCHRONY’ II DDDR. 


Expanding the indications 
for therapy. 
* Current medical literature clearly 
attests to the acute and long-term bene- 
fits of dual-chamber, rate-modulated 
Pacing over standard DDD and VVIR 
modes1-4 When quality of life is a pri- 
mary goal of pacing therapy, every 
paced patient without chronic atrial 
fibrillation deserves the capabilities 
offered by a Synchrony II pulse 
generator. 

Synchrony II maintains optimal AV 
synchrony at all rates, controls bradycar- 
dia, and provides rate adaptation in the 


| 
h 


ENTRODUCING 


presence of chronotropic incompetence. 
All in a package measuring only 53 x 48 
x 8.5 mm, and weighing just 41 grams. 
And with a projected longevity of eight 
years at nominal settings! 

In addition, Synchrony II will meet 
your most demanding expectations for 
patient management and follow-up. It 
has wide-ranging diagnostic telemetry 
including measured data, lead function, 
annotated event markers, and electro- 
grams. Plus, sensor-indicated rate 
histograms to facilitate programming 
the sensor parameter without the need 
for extensive ancillary equipment. 

Synchrony II. Excellence in 
DDDR pacing. 


BI GNIFICANT 
ADVANCES IN 
PEN E 

m THERAPY. 


SOLUS’ SSIR. 


All the diagnostic advantages 
of Synchrony II in a 
single-chamber unit. 


Solus provides exceptional single- 
chamber, sensor-controlled performance 
—proven therapy for patients with 
chronic atrial fibrillation and high-grade 
AV block or in whom stable atrial pac- 
ing cannot be established5~6* 

And Solus, like Synchrony II, deliv- 
ers all the features necessary for easy, 
efficient programming and patient fol- 
low-up: auto sensor threshold, sensor- 
indicated rate histograms, annotated 
event markers and electrogram telem- 
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etry, as well as 10-year longevity at nomi- 
nal settings. 

Only one single-chamber, rate- 
modulated pulse generator offers so 
many advantages. 

Solus. Excellence in SSIR pacing. 


PHOENIX°2 SSI. 

Extensive programmability 

in an exceedingly small package. 
An especially small size—6 mm 

thin, 23 grams—and long life (seven 

years at nominal settings) make the 

Phoenix2 pulse generator ideal for small 

and thin patients. 


Pacesetter” Systems, Inc. 


A Siemens Company 


12884 Bradley Avenue 


Sylmar, CA 91342 
1 800-777-2237 


With outstanding diagnostic 
and programming flexibility, Phoenix? 
creates a new standard for patients 
who require single-chamber, non-rate- 
modulated pacing. It provides polarity 
programmability, triggered mode pacing 
up to 480 ppm for noninvasive electro- 
physiologic studies, intracardiac electro- 
grams and annotated event markers, 
measured data telemetry, and semi- 


automatic sense and pace threshold tests. 
Phoenix2. Excellence in SSI pacing. 


All three of these fine pulse generators 
are ICD-compatible when programmed 
to the bipolar configuration. And all 
three operate with the new APS II 


al N Pacesetter Systems, 
K fp A Siemens Compony 
AP) syimor, CA USA 


RL 


Pacemaker Division 
S4171 95 Solna 
Sweden 


Siemens-Elema AB 
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MTM (Multi-Ielemetry Module) pro- 
grammer, providing an elaborate range 
of diagnostic and test capability. 

For further information, contact 
your Pacesetter representative, or call 
| 800-777-2237. 
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Synchrony II. Solus. Phoenix2. 
New standards of excellence. 


1. Hummel |, Barr E Hanich R, McElroy B, Brinker | DDDR pacing is 
better tolerated than VVIR in patients with sinus node disease, PACE 
1990; 13: 504 

2. Dritsas A, Chambers L Sulke N, Sowton E, Echocardiographic evalua- 
tion of four rate responsive pacing modes, PACE 1990; 13: 530. 

3, Sulke N. Dritsas A, Chambers L Sowton E A randomized crossover 
study of four rate responsive modes, PACE 1990; 13: 534. 

4. Higano ST, Hayes DL, Christiansen JR, Metabolic effects of atrio- 
ventricular synchrony during low levels of exercise, PACE 1990; 13; 552, 
5 Camm Al Garratt C, Paul V, Single-chamber rate adaptive pacing, 

J]. Electrophysiology 1989; A 181 

6. Benditt DG, Mianulli M, Fetter Let al., Single-chamber cardiac 
pacing with activity-initiated chronotropic response: evaluation by car: 
diopulmonary exercise testing, Circulation 1987; 75: 184. 





Siemens Electric Ltd. 


Medical Systems Division 
1180 Courtney Park Drive 
Mississauga, Ontario LST 1P2 
(416) 564-1995 


eae 


-= ae 
` (wa 





BC EE SN DEE EE E EE E ER a aE EE STENT 
oi TEE nde ee EE een "A poe 
CONTENTS/ABSTRACTS 

METHODS 





Validation of a Computerized Technique for Detection of the 
Gas Exchange Anaerobic Threshold in Cardiac Disease 
Kenneth Dickstein, Stale Barvik, Torbjorn Aarsland, Steven Snapinn, and 
Jay Millerhagen 


Maximal cardiopulmonary exercise was performed in 77 men after myo- 
cardial infarction. The gas exchange anaerobic threshold (ATge) was 
determined by analysis of the carbon dioxide elimination versus oxygen 
consumption plot using a computerized algorithm. The mean + standard 
deviation (SD) oxygen consumption (VO>) for the ATge was 905 + 220 vs 
866 + 299 ml/min for the lactate acidosis threshold (r = 0.86, p <0.001 ). 
Mean + SD VO; at the ATge for test 1 was 968 + 225 vs 952 + 217 ml/ 
min for test 2 (r = 0.71, p <0.001). Mean + SD peak VO > was 1,392 + 
379 vs 912 + 202 ml/min at the ATge (r = 0.76, p <0.001 ). The results 
demonstrate that this ATge method correlates well with the lactate 
threshold, is reproducible and should be useful as an objective measure of 
submaximal exercise performance. 
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Usefulness of Late Coronary Thrombolysis 
(Recombinant Tissue-Type Plasminogen 
Activator) in Preserving Left Ventricular 
Function in Acute Myocardial Infarction 


Bruno Villari, MD, Federico Piscione, MD, Domenico Bonaduce, MD, Paolo Golino, MD, 
Tonino Lanzillo, MD, Mario Condorelli, MD, and Massimo Chiariello, MD 


This study assesses whether administration of re- 


combinant tissue-type plasminogen activator (rt- 
PA) up to 8 hours after onset of symptoms of acute 
myocardial infarction (AMI) may result in a signifi- 
cant improvement in left ventricular function. Sixty 
patients were classified into 3 groups: group A (n = 
21) received rt-PA within 4 hours from symptom 
onset; the remaining 39 patients, admitted between 
4 and 8 hours, were randomized into 2 groups— 
group B (n = 19) received rt-PA, and group C (n = 
21) was treated with conventional therapy. Coro- 
nary and left ventricular angiograms were recorded 
8 to 10 days after rt-PA administration. The paten- 
cy rate of the infarct-related artery was 76% in 
group A, and 63 and 35% in group B and C, re- 
spectively. The Thrombolysis in Myocardial Infarc- 
tion trial perfusion grade was higher in group A 
and B than in group C (A vs C: p <0.005; B vs C: p 
<0.01). Left ventricular ejection fraction was sig- 
nificantly higher in group A (60.2 + 10%) and B 
(54.7 + 12%) compared with group C (44.2 + 
12%) (A vs C: p <0.01; B vs C: p <0.05). Regional 
wall motion of the entire ischemic zone was better 
in group A and B than in group C (A vs C: p 
<0.001; B vs C: p <0.01). In contrast, the kinesis 
of the central ischemic zone was significantly better 
in group A than in both group B and C (A vs B: p 
<0.05; A vs C: p <0.001),. 

The number of hypokinetic, akinetic and dyski- 
netic segments were lower in group A and B than in 
group C (A vs B: p <0.01, B vs C: p <0.05 and A 
vs C: p <0.01 and B vs C: p <0.01, respectively). 
Thus, these data confirm the efficacy of early 
thrombolysis and suggest that late reperfusion may 
act beneficially in preserving left ventricular vol- 
umes and function. 

(Am J Cardiol 1990;66:1281-—1286) 


From the Institute of Internal Medicine, Cardiology and Cardiac Sur- 


gery, Department of Cardiology, “Federico II” University of Naples, 
Second School of Medicine, Naples, Italy. Manuscript received May 
14, 1990; revised manuscript received and accepted July 12, 1990. 

Address for reprints: Massimo Chiariello, MD, Cattedra di Cardio- 
logia, II Policlinico, Via Sergio Pansini, 5, 80131, Naples, Italy. 


ment of choice for most patients with acute myo- 
cardial infarction (AMI), because this procedure 
may result in improvement in left ventricular function 
and reduction of in-hospital and long-term mortality.'~? 
However, some controversy still exists with regard to 
the efficacy of thrombolytic therapy administered rela- 
tively late after the onset of symptoms.’ Several experi- 
mental studies have demonstrated that the extent of 
ischemic myocardium ultimately undergoing necrosis is 
dependent on the duration of the ischemic period and 
that reperfusion does not usually result in any apprecia- 
ble myocardial salvage after 3 to 4 hours.!®!! However, 
most patients sustaining AMI may have developed col- 
lateral vessels that could have prolonged the time span 
before irreversible cellular damage occurred.’:!*!° 
Based on these considerations, the present study as- 
sessed whether coronary thrombolysis performed be- 
tween 4 and 8 hours from symptom onset would act 
beneficially on left ventricular function in patients with 
AMI. To accomplish this goal, we compared the effects 
of late thrombolysis on left ventricular function with 
those of conventional therapy in patients admitted 4 to 
8 hours from the onset of chest pain. Furthermore, we 
compared these 2 groups with a third group of patients 
with AMI treated with single chain recombinant tissue- 
type plasminogen activator (rt-PA) earlier in the course 
of infarction (De, <4 hours from symptom onset). 


B= coronary thrombolysis is considered the treat- 


METHODS 

Patients: All patients admitted to our coronary care 
unit between January 1989 and October 1989 with a 
diagnosis of AMI revealed within 8 hours were consid- 
ered for entry into this study. The diagnosis was estab- 
lished on the basis of typical chest pain and ST-segment 
elevation of 20.2 mV in a precordial lead or 0.1 mV in 
a limb lead. Exclusion criteria were: history of myocar- 
dial infarction, any major hemorrhage or stroke in the 
previous 6 months, major injury or surgery in the previ- 
ous 6 weeks, cardiopulmonary resuscitation performed 
on admission to the hospital, severe arterial hyperten- 
sion (systolic blood pressure >220 mm Hg), or active 
peptic ulcer. Sixty-nine patients entered this study but 
only 60 completed the study protocol. Nine patients 
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| TABLE I Patient Characteristics 


Control 


PA <4hrs rt-PA4-8hrs Subjects 


Patients (no.) 21 19 20 

Age (yrs) 51+8 5249 5348 

Peak creatine kinase 3,074 + 1,764 2,749+ 1,678 289041,651 
(mU /liter) 

Time to peak 
creatine kinase 
(hours) 

Time of intervention 145 +58 360 + 61 
(min) (range) (30-220) (290—430) 

Anterior AMI (no.) 12 10 11 

Inferior AMI (no.) 9 9 9 

9.1+0.7 


1145 164 5* 21+7' 


358 + 58 
(250-430) 


Time to coronary 9.1+0.7 9.2+0.7 
angiography 
(days) 
1-vessel CAD (no). 9 8 10 
TIMI grade 2.09 + .83+ 1.78+ .848 0.85+0.93 
* Avs B, p < 0.05; T A vs C, p <0.01; *AvsC, p <0.005; $ B vs C p <0.01 
AMI = acute myocardial infarction; CAD = coronary artery disease; rt-PA = recom- 
binant tissue-type plasminogen; TIMI = Thrombolysis in Myocardial Infarction trial. 





were excluded: 6 refused cardiac catheterization, 1 had 
a cerebral hemorrhage and underwent successful sur- 
gery, 1 patient had another AMI during hospitalization 
and 1 died from cardiogenic shock. These latter events 
occurred before the time of catheterization. 

All consecutive patients admitted to the coronary 
care unit within 4 hours from the onset of chest pain 
received rt-PA intravenously (10 mg bolus followed by 
an infusion of 50 mg over 1 hour and then 20 mg/hour 
over the next 2 hours) (group A, n = 21). Thirty-nine 
patients admitted to the coronary care unit between 4 
and 8 hours from onset of chest pain were randomly 
assigned to a group treated with rt-PA at the same dose 
as previously described (group B, n = 19) and to a 
group treated only with conventional therapy (intrave- 
nous nitroglycerin and oral nifedipine) (group C, n = 
20) (Table I). All patients received conventional thera- 
py and a bolus of 10,000 U of heparin at the time of rt- 
PA administration, followed by an infusion of 1,000 U/ 
hour and adjusted thereafter to maintain the activated 
partial thromboplastin time between 1.5 and 2 times the 
upper limit of normal. Heparin therapy was continued 


MM -pa < 4n GZ PA 4-8 h 


p< .01 
p< .06 


End-diastolic volume (mi/m2) 
End-systolic Volume (mi/m2) 
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in the absence of serious hemorrhage, until coronary an- 
giography was performed. Blood was sampled for serum 
creatine kinase immediately after admission and then 
every 3 to 6 hours over the next 24 hours and every 12 
to 24 hours up to 72 hours. Eight to 10 days after ad- 
mission, all patients underwent right- and left-sided car- 
diac catheterization and coronary angiography. The in- 
farct-related artery was localized by: (1) ST-segment 
elevation on the electrocardiogram; (2) hypokinetic wall 
motion on the ventriculograms; (3) residual stenosis or 
thrombotic material, or both, in the coronary artery. 

Left ventriculography was performed in the 30° 
right anterior oblique projection using a powered injec- 
tion of 40 ml of nonionic contrast medium (iopamidol) 
through a pigtail catheter. The film speed was 50 
frames/s. Calibration of the magnification factor was 
obtained by filming a square grid placed at the level of 
the left ventricle. Films were projected by a 35-mm film 
projector and converted into a video format with a video 
camera. The contours of the ventricle were traced on a 
working table by a blinded observer with the aid of a 
digitizing penlight. All contour data were coded and 
stored using a PDP 11/34 computer onto a RK-01 disk 
(Digital Equipment Co.). The intraobserver variability 
of the method was assessed in a previous study from our 
laboratory. 17 

Left ventricular chamber volumes and global ejec- 
tion fraction were calculated by the area-length meth- 
od." Regional wall motion was analyzed by a single 
observer in 2 different independent cycles free from ven- 
tricular ectopy, using a semiautomatic computer-aided 
system (Digital PDP 11/34) for analysis of ventricular 
wall motion (AVD Siemens). The left ventricle silhou- 
ettes were divided into 90 segments by the radial coordi- 
nate method Ip Regional left ventricular function was 
evaluated as follows: (1) Fractional shortening was ex- 
pressed as the mean shortening of segments in the worst 
50% of the infarct zone. (2) Hypokinesia was expressed 
as the number of segments with a wall motion reduction 
exceeding 2 standard deviations of the normal value de- 
termined on left ventriculography in 21 age-matched 
normal subjects. These patients were suspected of hav- 
ing coronary heart disease, underwent diagnostic cardi- 
ac catheterization and were found to have normal cardi- 


Zeche Controls 


FIGURE 1. Effects of the different treat- 
ments on left ventricular volumes: EDV] = 
end-diastolic volume index; ESVI = end- 
systolic volume index; rt-PA = recombi- 
nant tissue-type plasminogen activator. 
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ac anatomy, normal coronary arteries and normal ven- 
tricular function. (3) Akinesia-dyskinesia was defined as 
the number of segments with a shortening <0 (compar- 
ing both systolic and diastolic lengthening). 

Artery territories were defined by the analysis of 74 
patients with no history of thoracotomy or valvular or 
congenital heart disease, affected by isolated stenoses 
(>75%) of the left anterior descending or right coronary 
arteries studied in our laboratory between 1984 and 
1988. The region of the left ventricle (segments 10 to 
53), in which mean segment motion in the 39 patients 
with stenosis of the left anterior descending artery was 
significantly depressed compared with that of a control 
group without coronary artery disease, was defined as 
the left anterior descending territory. The territory of 
the right coronary artery was similarly defined as seg- 
ments 45 to 80 using the 35 patients with single stenosis 
of that vessel. The ischemic zone was defined as the 
segments of the zone supplied by the infarct-related ar- 
tery. The periinfarcted zone was defined as the 10 seg- 
ments before and after the ischemic zone. All remaining 
segments were considered as the noninfarcted zone. The 
shortening of the ischemic, periischemic and nonisch- 
emic zone was also evaluated. 

Coronary perfusion was evaluated according to the 
Thrombolysis in Myocardial Infarction (TIMI) trial 
grading scale.’ 

Data are presented as mean + standard deviation. 
One-way analysis of variance was used for statistical 
evaluation. If a significant F test was found, Student’s t 
test for unpaired observation with the Bonferroni's cor- 
rection was performed to obtain multiple comparisons. 


RESULTS 

Patient characteristics are listed in Table I. 

Hemodynamics and coronary angiography: No sig- 
nificant differences were found among the 3 groups of 
patients with regard to the hemodynamic variables (Ta- 
ble II). During coronary angiography, patency of the 
infarct-related vessel (TIMI grade 2 or 3) was found in 
16 of 21 patients (76%) in group A, 12 of 19 patients 









TABLE II Hemodynamic Variables 


rt-PA 
<4hrs 


Control 
Subjects 


rt-PA 
4-8 hrs 












HR (beats /min) 80+ 12 79+12 SEAN 

LVSP (mm Hg) 127+21 123415 134419 

LVDP (mm Hg) 1749 1445 1848 ag 
MAP (mm Hg) 88+ 12 92411 934 14 E 
RAP (mm Hg) 4+4 5+4 544 Se 
MWP (mm Hg) 1446 1145 1447 3 
Cl (liters /min/m?) 2.940.5 2.7409 2.440.7 $ 












CI = cardiac index; HR = heart rate; LVDP = left ventricular diastolic pressure; 
LVSP = left ventricular systolic pressure; MAP = mean arterial pressure; MWP = 
mean wedge pressure; RÀP = right atrial pressure; rt-PA = recombinant tissue-type 
plasminogen activator. 






(63%) in group B and 7 of 20 patients (35%) in group a 
C. The average TIMI grade was 2.1 + 0.8 in group A, 
1.8 + 0.8 in group B and 0.9 0.9 in group C (A vs C 


= p <0.005; B vs C = p <0.01). E 
Left ventricular analysis: End-diastolic volume in- 4 
dex was significantly lower in group A (85 + 15 ml/ 4 


m?) and B (88 + 19 ml/m?) than in group C (103 + 19 > 
ml/m?) (A vs C = p <0.01; B vs C = p <0.05) (Figure 4 
1). End-systolic volume index was significantly lower in -A 
group A (33 + 15 ml/m?) and B (40 + 16 ml/m?) than A 
in group C (56 + 15 ml/m?) (A vs C = p <0.01; B vs C d 
= p <0.05) (Figure 1). Global ejection fraction was sig- l 
nificantly higher in patients in group A (60 + 10%) and 
B (55 + 12%) than in group C patients (44 + 12%) (A 
vs C = p <0.01; B vs C = p <0.05) (Figure 2). The 
percent shortening of the ischemic zone was 23 + 8% in 
group A, 18 + 14% in group B and 5 + 9% in group C : 
(A vs C = p <0.001; B vs C = p <0.01) (Figure 2); the 
percent shortening of the worst 50% of the infarct zone 
was significantly higher in group A (13 + 11%) than in , 
group B (3 + 7%) and group C (—1 + 8%) (Avs B =p V 
<0.05; A vs C = p <0.001) (Figure 2). No significant : 
differences were found in shortening of the periischemic | 


zone (21 + 7, 20 + 7, 16 + 7% in group A, B and C, A 
respectively) and nonischemic zone (35 + 14, 35 + 9, $ 

29 + 9 in group A, B and C, respectively). 4 

MMMM -pa < 4n ZZZ rt-pa 4-8 h |__| Controls 4 
A 

k 


FIGURE 2. Effects of different recombi- 
nant tissue-type plasminogen activator (rt- 
PA) administration on global and regional 
ejection fraction: the ejection fraction of 
the central ischemic zone was significantly 
higher in the early-treated group (black 
bars) than in the remaining groups. 
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The number of hypokinetic segments was signifi- 
cantly lower in group A (14 + 11 segments) and group 
B (20 + 15 segments) than in group C (36 + 14 seg- 
ments) (A vs C = p <0.01; B vs C = p <0.05) (Figure 
3). 

The number of akinetic-dyskinetic segments was sig- 
nificantly lower in group A (1 + 4) and B (4 + 6) with 
respect to group C (14 + 4) (A vs C = p <0.01; B vs C 
= p <0.01) (Figure 3). Akinetic-dyskinetic segments 
were found in 4 of 21 patients (19%) in group A, in 6 of 
19 patients (28%) in group B and in 11 of 20 patients 
(55%) in group C. 


DISCUSSION 

Our study supports the hypothesis that late throm- 
bolysis may exert a beneficial effect on left ventricular 
function and reduce end-systolic and end-diastolic vol- 
umes. 


MM -pa < 4h ZZA rt-PA 4-8 h 


# of segments 


HYPOKINETIC 








In both early and late rt-PA-treated groups, we 
have found a significantly higher ejection fraction with 
respect to the control group. This was mainly due to 
an improved motion of the ischemic zone (Figure 2), 
whereas shortening of the peri- and nonischemic zones 
was not significantly affected by treatment. The central 
ischemic zone has shown a higher shortening in group A 
than in both group B and C, confirming the concept 
that the earlier reperfusion is achieved, the bigger sal- 
vage of ischemic myocardium is obtained. We have also 
found a lesser extension of hypokinetic and a-dyskinetic 
segments in groups A and B than in group C, suggest- 
ing the continued beneficial effects of thrombolysis per- 
formed within 8 hours. The mechanisms leading to 
these positive effects of thrombolysis, performed both 
early (<4 hours) and late (4 to 8 hours), are through a 
better perfusion of the ischemic zone.'’ In fact, we 
found a significantly higher TIMI grade and a higher 


pane Controls 


FIGURE 3. In the early-treated group (re- 
combinant tissue-type plasminogen activa- 
tor (rt-PA) <4 hours) and in the late-treat- 
ed group (rt-PA 4 to 8 hours), the number 


er with respect to the control group. 


A-DYSKINETIC 


Influence of perfusion on hypokinesia 


P< .005 
P< .01 


# Hypokinetic segments 


TIMI GRADE 
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FIGURE 4. Influence of the perfusion 
grade on the extension of hypokinesia: 
The higher the Thrombolysis in Myocardi- 
al Infarction trial perfusion grade, the few- 
er the number of hypokinetic segments. 





patency rate of the infarct-related artery at 8 to 10 days 
after myocardial infarction in our rt-PA-treated pa- 
tients (groups A and B) than in group C patients (Table 
I). It has been suggested that residual flow through a 
subtotal lesion extends the time window for myocardial 
salvage by thrombolytic therapy in a similar way 
as does residual flow through collateral channels.’:!?!° 
Thus, a better perfusion of the ischemic territories oc- 
curring in our group A and B patients compared with 
group C patients led to the reduction of the extension of 
hypokinesia and a-dyskinesia with a consequent higher 
ejection fraction. The importance of the perfusion grade 
in preserving wall motion of the ischemic zone in our 
patients is shown in Figure 4, where this effect on the 
extension of hypokinesia is evident regardless of the 
treatment arm. Conversely, infarct vessel patency at 8 
to 10 days after infarction is not necessarily representa- 
tive of infarct vessel patency noted immediately after 
thrombolytic therapy. There is a substantial potential 
for spontaneous thrombolysis and reocclusion to occur 
in the interim. One should consider that, as suggested 
by others,'®-22 an increased wall stiffness might have 
improved ejection fraction by minimizing dyskinesia, as 
demonstrated by the lower extent of the a-dyskinetic 
zone in our rt-PA-treated patients (Figure 3). A better 
global and regional ejection fraction and a reduction in 
hypokinesia in early rt-PA-treated patients 8 to 10 days 
from myocardial infarction has also been found in other 
studies.232324 The TIMI-1 trial? demonstrated at 8 to 
10 days after infarction a reduction in the extent of hy- 
pokinesia and an improvement in the kinesis of the in- 
farct zone in patients treated within 7 hours from pain 
onset. Furthermore, in a subgroup analysis, the same 
study showed a small but significant increase in ejection 
fraction in patients who achieved sustained reperfusion. 
This finding was not observed in patients who had no 
reperfusion, late reperfusion, or reocclusion.? 

In our study 8 to 10 days after AMI, both early and 
late rt-PA-treated patients had lower end-systolic and 
end-diastolic volumes with respect to group C patients 
(Figure 1). This could be the consequence of a reduc- 
tion in infarct size (lower number of hypokinetic and 
akinetic-dyskinetic segments) and of an improved left 
ventricular function due to a better perfusion of the 
ischemic zone (higher TIMI perfusion grade and paten- 
cy rate). In fact, early mechanical expansion of the in- 
farcted myocardial segments are, together with the de- 
pressed systolic function and impaired diastolic relaxa- 
tion, the causes of volume overload in AMI.” Jeremy 
et al!” recently demonstrated that perfusion of the in- 
farct zone during the healing phase is important in pre- 
venting continuing infarct expansion and subsequent 
left ventricular dilation. These findings of smaller ven- 
tricular volumes and contained myocardial expansion in 
patients treated with thrombolytic therapy early in the 
time course of myocardial infarction are in agreement 
with other studies.*?!2°27 Furthermore, the analysis of 
the Italian Group for the Study of Streptokinase in 
Myocardial Infarction-1 trial, including patients treated 
within 12 hours from symptom onset with regard to left 
ventricular volumes and function,” has shown a con- 


tained myocardial expansion and lower ventricular vol- 
umes in patients receiving intravenous streptokinase 
with respect to the control group. 

Study limitations: The major limitation of this study 
was the small number of patients. However, the patients 
were consecutively considered for entry into the study 
and, for those admitted between 4 to 8 hours, randomly 
assigned to receive rt-PA or conventional therapy. Thus, 
our groups should be general with regard to demo- 
graphic study. Furthermore, the results are in agree- 
ment with experimental data dealing with assessment of 
postinfarction function and infarct expansion. Because 
coronary angiography was not performed before rt-PA 
infusion, we do not know the baseline variables or 
whether spontaneous thrombolysis had occurred. 
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Usefulness of Antithrombotic Therapy in Resting 
Angina Pectoris or Non-Q-Wave Myocardial 
Infarction in Preventing Death and Myocardial 
Infarction (a Pilot Study from the 
Antithrombotic Therapy in Acute 
Coronary Syndromes Study Group) 


Marc Cohen, MD, Philip C. Adams, MB, BS, Linda Hawkins, RN, Matt Bach, MD, 
and Valentin Fuster, MD 


In a prospective pilot trial of antithrombotic thera- 
py in the acute coronary syndromes (ATACS) of 
resting and unstable angina pectoris or non-Q-wave 
myocardial infarction, 3 different antithrombotic 
regimens in the prevention of recurrent ischemic 
events were compared for efficacy. Ninety-three 
patients were randomized to receive aspirin (325 
mg/day), or full-dose heparin followed by warfarin, 
or the combination of aspirin (80 mg/day) plus hep- 
arin and then warfarin. Trial antithrombotic thera- 
py was added to standardized antianginal medica- 
tion and continued for 3 months or until an end 
point was reached. Analysis, by intention-to-treat, 
of the 3-month end points, revealed the following: 
recurrent ischemia occurred in 7 patients (22%) af- 
ter aspirin, in 6 patients (25%) after heparin and 
warfarin, and in 16 patients (43%) after aspirin 
combined with heparin and then warfarin; coronary 
revascularization occurred in 12 patients (38%) af- 
ter aspirin, in 12 patients (50%) after heparin and 
warfarin, and in 22 patients (60%) after aspirin 
combined with heparin and then warfarin; myocar- 
dial infarction occurred in 1 patient (3%) after aspi- 
rin, in 3 patients (13%) after heparin and warfarin, 
and in no patient after aspirin combined with hepa- 
rin and then warfarin; no deaths occurred after as- 
pirin or after aspirin combined with heparin and 
then warfarin, but 1 patient (4%) died after warfa- 
rin alone; major bleeding occurred in 3 patients 
(9%) after aspirin, in 2 patients (8%) after heparin 
and warfarin, and in 3 patients (8%) after aspirin 
combined with heparin and then warfarin. 
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Recurrent myocardial ischemia occurred at 3 + 
3 days after randomization. In those who had coro- 
nary angioplasty or bypass surgery, revasculariza- 
tion was performed at 6 + 4 days. During trial 
therapy, no patient died, had a Q-wave myocardial 
infarction or a major bleed. Most bleeding compli- 
cations consisted of blood transfusions during or 
immediately after bypass surgery. Only 25% of pa- 
tients enrolled were discharged on trial therapy be- 
cause of revascularization and withdrawals. Thus, 
irrespective of the antithrombotic regimen used, 
and even with aggressive combination therapy, a 
substantial fraction of patients with unstable angi- 
na or non-Q-wave myocardial infarction have re- 
current myocardial ischemia and are referred for 
coronary revascularization. Antithrombotic thera- 
py, coupled with early intervention after recurring 
ischemia, was associated with a low rate of death 
or myocardial infarction within the first 3 months. 

(Am J Cardiol 1990;66:1287-1292) 


either antiplatelet agents! 2 or anticoagulants*”-* 

in patients with unstable angina pectoris has 
been established. Theroux et al? compared combination 
antithrombotic therapy with aspirin plus heparin versus 
placebo in unstable angina. By design, trial therapy was 
continued for only 5 to 6 days, and several patients had 
rebound myocardial ischemic pain after heparin was 
stopped.’ Based upon (1) pathoanatomic observations 
implicating plaque rupture and thrombosis,!®!? (2) lim- 
itations in the aforementioned trials, and (3) the poten- 
tial for a lower medical failure rate with the use of a 
more aggressive antithrombotic regimen, we studied the 
efficacy of aspirin combined with anticoagulant therapy 
in patients with unstable angina or non-Q-wave infarc- 
tion, or both, administered over a 3-month trial period. 
This study assessed whether aspirin combined with anti- 
coagulant therapy was superior to either agent alone in 
reducing the frequency of recurrent myocardial isch- 
emia and the need for coronary angioplasty or bypass 
surgery. 


Ts beneficial role of antithrombotic therapy with 
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TABLE I Screening Process for Patient Selection: 
First Six Months 


Subgroup 
Screening Categories No. No. 







Screened (all patients with unstable 
angina or “rule-out MI") 
Met inclusion criteria (rest angina or 118 
non-Q-wave infarction) 
Excluded 77 
In protocol already 
Left bundle branch block 
Coronary bypass surgery within 1 year 
Coronary angioplasty within 6 months 
Q-wave MI within 6 weeks 
Tachyarrhythmia 
Hypertension 
Heart failure 
Peptic ulcer or previous CVA 
Bleeding tendency 
Allergy to trial therapy 
Anemia 
Other serious illness 
Need anticoagulants 
Need chronic aspirin or steroids 
Eligible 41 
Private physician refused 6 
Patient refused 
Randomized 








— 


PERROYWOARAN ROUND 













27 (66% of those eligible) 


CVA = cerebrovascular accident; MI = myocardial infarction; No. = number of 
patients. 






METHODS 

Patient selection: The study was conducted at 
Mount Sinai Hospital and Beth Israel Hospital after 
approval by the respective institutional review boards 
concerned with human research. From March 20, 1987, 
to March 14, 1989, all patients with cardiac pain, rest- 
ing pain, or non-Q-wave infarction were screened. Men 
and women between the ages of 21 and 75 years were 
eligible if they met both of the following inclusion cri- 
teria. 

First, they must have presented to the hospital with 
ischemic pain caused by either unstable angina or non- 
Q-wave infarction defined as follows: (1) recent onset 
(<4 weeks) of prolonged (=10 minutes) or recurrent 
(=2 episodes/day) chest pain suggestive of acute myo- 
cardial ischemia; (2) pain occurred at rest or with mini- 
mal effort, and with no provoking factors; and (3) 
the last episode of pain occurred within 48 hours of 
screening. 

Second, there must have been definite evidence of 
underlying ischemic heart disease, as shown by =1 of 
the following: (1) transient electrocardiographic 
changes during chest pain (T-wave changes or >1-mm 
ST-segment deviation) or (2) prior history of myocardi- 
al infarction, positive exercise test results or coronary 
arteriogram, or typical exertional chest pain relieved by 
rest or nitroglycerin, or both. 

Exclusion criteria consisted of the following: evolving 
Q-wave myocardial infarction, left bundle branch block, 
angina precipitated by obvious provoking factors (e.g., 
heart failure, tachyarrhythmia, hypertension [systolic 
2160 mm Hg, diastolic =>100 mm Halt, current use of 
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or contraindications to anticoagulation, coronary angio- 
plasty within 6 months or coronary bypass surgery with- 
in 1 year, or patient unable or unwilling to give consent. 
Patients with occasional aspirin use were not excluded 
from this trial. Data obtained during screening in the 
first 6 months of the trial were recorded (Table I). Fif- 
ty-four percent of patients eligible for the study were 
randomized. 

Study protocol: After consent was obtained, patients 
were randomized to 1 of 3 therapies: 

ASPIRIN ALONE: Upon randomization, aspirin 325 mg 
orally was followed by aspirin 325 mg/day. 

HEPARIN FOLLOWED BY WARFARIN ALONE: An intrave- 
nous loading dose of heparin 100 U/kg bolus was fol- 
lowed by a continuous infusion to maintain the activat- 
ed partial thromboplastin time at 2.0 X control for 3 to 
4 days. If coronary arteriography did not appear immi- 
nent because of recurring pain by the third day, warfa- 
rin was started and titrated to maintain the prothrom- 
bin time at 1.5 to 2.0 X control (international normal- 
ized ratio at 3.0 to 4.5), and heparin was discontinued. 

ASPIRIN, PLUS HEPARIN AND THEN WARFARIN: Aspirin 
325 mg orally and a bolus of intravenous heparin 100 
U/kg were followed by aspirin 80 mg/day, plus a con- 
tinuous heparin infusion, as in limb 2. By the third day, 
warfarin was started and titrated, as in limb 2, and hep- 
arin was discontinued. Aspirin, 80/mg, was continued 
along with warfarin. By design, every effort was made 
to continue the trial therapy for 12 weeks, unless an end 
point or a withdrawal criterion was reached (see below). 
After 12 weeks, the decision to continue administration 
of aspirin or warfarin was made by the private phy- 
sician. 

In addition to the trial therapy, all patients received 
standard antianginal medical therapy with oral nitrates 
plus 8 blockers or calcium antagonists, or both. If pain 
recurred on this regimen, intravenous nitroglycerin was 
administered. The dosages of the 3 antianginal drugs 
were maximized within 48 hours of admission to reduce 
the systolic blood pressure to $120 to 130 mm Hg, and 
to reduce the heart rate to <65 beats/min. Aspirin con- 
taining medication other than that used in the trial 
drugs was prohibited. 

Trial therapy was ended by design for the following 
reasons: (1) an end point occurred (recurrent ischemia, 
myocardial infarction, death or bleeding); (2) the pa- 
tient was found to have normal or nonobstructive coro- 
nary artery disease, or a negative exercise tolerance test; 
(3) coronary revascularization or angioplasty was per- 
formed; and (4) noncompliance with medication. Pa- 
tients who needed revascularization were continued on 
trial medications until the day of the procedure. 

Study end points: There were 3 primary end points: 

RECURRENT MYOCARDIAL ISCHEMIA: This was defined 
as the presence of recurrent angina at rest with ischemic 
electrocardiographic changes occurring despite full 
medical therapy. Full medical therapy was defined as 
receiving a minumum of 2 antianginal medications, re- 
sulting in a baseline resting heart rate of <65 beats / 
min and a systolic pressure <120 to 130 mm Hg. 
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Demographics 


Age (mean yrs) 
Male gender 
Previous angina or MI 
Interval from onset of angina or first MI (mos.) 
Cigarette smoker 
Systemic hypertension 
Diabetes mellitus 
Medication before admission 
Nitrates 
8 blockers 
Calcium antagonists 
Recent aspirin 


Time between randomization and last resting pain (hours) 
ST-T changes at randomization 
Present with non-Q infarct (%) 
Treatment during hospitalization 
Nitrates 
B blockers 
Calcium antagonists 
Coronary Arteriography 
Percentage* with diseased vessels (>70%) 


2 (11) 
4 (22) 
5 (28) 
6 (33) 
1 (6) 

7 (22) 
5 (16) 
8 (25) 


Left main artery 
PTCA 
CABG 
Non-obs CAD or neg ETT 
Duration on trial therapy (days) 29 


11 (34) 
13 (41) 


8 (25) 
12 (37) 


18 (56) 


Heparin / 
Warfarin 
n=24(%) 


Aspirin + 
Hep / Warf 
n= 37 (%) 


63 
22 (59) 
30 (81) 
40 
22 (59) 
18 (49) 
15 (41) 34 (37) 
19 (51) 
7 (19) 
17 (46) 
14 (38) 


44 (47) 
23 (25) 
41 (44) 
29 (31) 


12 12 
28 (76) 67 (72) 
13 (35) 34 (37) 


30 (81) 
13 (35) 
29 (78) 
25 (65) 


79 (85) 
36 (39) 
78 (84) 
15 (63) 58 (62) 
2 (13) 
2 (13) 
4 (27) 
6 (40) 
1 (7) 

4(17) 


2 (8) 
6 (24) 
4 (16) 
11 (44) 
2 (8) 
9 (24) 


6 (10) 
12 (21) 
13 (22) 
23 (40) 

4(7) 
20 (22) 

8 (33) 13 (35) 26 (28) 

3 (12) 4(11) 15 (16) 
16 8 17 


* Percentage of those 58 patients who underwent arteriography. All other percentages are percentages of the total population (n = 93). 
CABG = coronary artery bypass grafting; Hep / Warf = heparin followed by warfarin; neg ETT = negative maximal exercise tolerance test; Non-obs CAD = nonobstructive coronary 
artery disease; PTCA = percutaneous transluminal coronary angioplasty; other abbreviations as in Table |. 


MYOCARDIAL INFARCTION: This was defined as chest 
pain associated with new and persistent ST-T-wave 
changes or Q waves, accompanied either by a rise in 
serum creatine kinase to >2 times the upper limit of 
normal or by an increase of 250% in creatine kinase 
activity above the preceding sample but at least 1.5 
times the upper limit of normal. Perioperative myocar- 
dial infarction was identified by a combination of elec- 
trocardiographic criteria and enzyme criteria. However, 
in this setting, the creatine kinase MB isoenzyme must 
be >50 u/ml (normal is <16 «/ml). Only those infarc- 
tions considered as events clearly separate from the ini- 
tial cardiac event that qualified the patient for random- 
ization were considered as end points. 

TOTAL DEATHS: All deaths, regardless of etiology, 
were end points. A death occurring <30 days after cor- 
onary angioplasty or bypass surgery was considered a 
perioperative death. 

There were 3 secondary end points: (1) recurrent 
chest pain with or without acute electrocardiographic 
changes; (2) revascularization with coronary angio- 
plasty or bypass surgery; and (3) major bleeding, which 
was defined as bleeding requiring a transfusion of 22 
units of blood, or corrective surgery, or both, or as 
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bleeding that resulted in death, disability, intracranial 
or retroperitoneal hemorrhage. After coronary bypass 
surgery, a transfusion of >2 units of blood was consid- 
ered a major bleed. 

Follow-up and protocol deviations: Trial therapy 
and study end points were monitored daily during the 
hospital stay. After discharge, patients were reevaluated 
at 6 and 12 weeks using the interval history, any read- 
mission hospital records, 12-lead electrocardiogram, he- 
matocrit, stool for occult blood, and prothrombin time. 
Trial therapy was initiated in <3 hours of randomiza- 
tion in all patients. One patient was not included in this 
analysis; she signed out against medical advice before 
trial therapy was begun. Protocol deviations occurred in 
17 patients; their follow-up, however, is included in the 
analysis: 2 patients were inappropriately randomized; 2 
were noncompliant and stopped their trial therapy pre- 
maturely; and private physicians referred 13 patients for 
revascularization despite their being asymptomatic on 
trial therapy. Trial therapy was continued until the time 
of their revascularizations. 

In-hospital follow-up was complete. After hospital 
discharge, 5 patients were lost to follow-up, and no de- 
termination could be made regarding their vital or clini- 
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Heparin/ Aspirin+ Total 
Aspirin Warfarin Hep/Warf Group 
n=32 n=24 n=37 n=93 
(%) (%) (%) (%) 


Primary end points 
Recurrent ischemia (pain 
+ ECG) 


7(22) 6(25) 16(43) 29 (31) 


MI (total) 
Perioperative infarction 0 
Death (total) 0 
Death off trial therapy d 
Secondary end points 
Recurrent chest pain 
PTCA or CABG 


LG. 343) 
2 (8) 
1 (4) 


1 (4) 


4 (4) 
2 (2) 
LO) 
1(1) 


16(50) 10(42) 23(62) 49 (52) 
12(38) 12(50)  22(60) 48 (50) 


Pain + ECG = chest pain accompanied by electrocardiographic changes; other 
abbreviations as in Tables | and II. 


cal status by the end of the 12-week trial period. Two of 
these patients were in the aspirin-alone group, and 3 
were in the heparin-alone group. 

Characteristics of the study population: Clinical 
characteristics, including baseline demographics as well 
as data acquired after randomization, are listed in Table 
II. The study population (n = 93) consisted of a group 
that was at high risk for coronary artery disease. More 
than two-thirds of the study group had 21 coronary 
risk factor before admission, and 82% had either a pre- 
vious myocardial infarction or a history of stable angi- 
na. In 18% of patients, the qualifying episode of resting 
pain was their first manifestation of coronary disease. 
Sixty-seven percent of the patients recalled having had 
an earlier episode of resting pain within the 4 weeks 
before the qualifying episode of resting pain. Trial ther- 
apy was initiated at a mean of 12 + 10 hours after the 
last episode of resting pain. Patients were distributed 
among the 3 treatment groups as follows: aspirin 
alone—32 patients; heparin and warfarin alone—24 pa- 
tients; and aspirin plus heparin and then warfarin—37 
patients. At randomization, 72% of the study group had 
ischemic electrocardiographic changes. 

Statistical analysis: Continuous variables are pre- 
sented as mean + standard deviation. Multiple compar- 
isons among the 3 treatment groups were not undertak- 
en because of the relatively small sample size. The 5 
patients who were lost to follow-up after hospital dis- 
charge were distributed among the 3 treatment groups 
and were counted as having experienced no end points 
during the 3-month follow-up. 


RESULTS 

Primary end points: RECURRENT MYOCARDIAL ISCH- 
EMIA, INFARCTION, OR DEATH: Despite maximal antiangi- 
nal therapy, recurrent myocardial ischemia (chest pain 
and electrocardiographic changes) occurred in 29 pa- 
tients, 31% of the total population (Table III). Although 
the frequency of this event ranged from 22% in the aspi- 
rin-alone group to 43% in the aspirin-plus-heparin 
group, application of the chi-square statistic revealed no 
significant differences among the 3 treatment groups in 
this end point. Recurrent myocardial ischemia occurred 
at a mean of 3 + 2 days after initiation of trial therapy. 
Two patients developed myocardial infarction while on 
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TABLE IV Complications 


Heparin/ Aspirin+ Total 
Warfarin Hep/Warf Group 
n=24 n=37 n=93 
(%) (%) (%) 


Aspirin 
n=32 
(%) 
On trial therapy 
Major bleeding (total) 
Minor bleeding (total) 
Hematuria 
+ stool guaiac 
Off trial therapy (related to 
PTCAor CABG) 
Major bleeding (total) 
Wound bleed and 
transfusion 
Requiring surgical repair 
GI bleed and transfusion 
Minorbleeding (total) 
Related to CABG 


trial antithrombotic therapy and before any revascular- 
ization procedure. In both cases they were non-Q-wave 
infarctions. Two additional patients developed myocar- 
dial infarction during coronary bypass surgery and both 
were in the heparin- and warfarin-alone group. During 
the trial therapy, there were no deaths. However, after 
hospital discharge, there was 1 fatality: a noncompliant 
patient who had stopped her trial medication prema- 
turely (warfarin alone) experienced sudden death 2 
weeks after discharge. 

Secondary end points: RECURRENT CHEST PAIN AND 
REVASCULARIZATION: Recurrent chest pain (with or with- 
out electrocardiographic changes) occurred in 49 pa- 
tients, 52% of the total population at a mean of 3 + 3 
days after initiation of the trial therapy (Table III). At 
the time of recurrent pain, 86% of these 49 patients 
were on a minimum of 2 antianginal drugs, including 
intravenous nitroglycerin. No significant difference in 
the incidence of recurrent pain was observed among the 
3 treatment groups. In the 49 patients with recurrent 
pain, revascularization by either coronary angioplasty or 
coronary bypass surgery was undertaken in 67%, where- 
as, in the 44 patients without recurrent pain, 13 (29%) 
underwent revascularization. Ten of the 13 patients 
without recurrent pain, who were revascularized, had 
severe multivessel disease. For the population as a whole 
(n = 93), the mean duration from randomization to di- 
agnostic catheterization was 4 + 3 days, and the mean 
duration from randomization to revascularization was 6 
+ 4 days. Forty-one of the 46 patients who underwent 
revascularization were operated on during the initial 
hospitalization and the remaining 5 were revascularized 
during the first 3 months after discharge. A total of 15 
patients (16%) had either nonobstructive coronary ar- 
tery disease or negative maximal stress test results, and 
their trial therapy was discontinued. Only 25 of the 
original 93 patients (26%) were discharged on trial 
therapy. 

MAJOR BLEEDING COMPLICATIONS: There were no epi- 
sodes of spontaneous major bleeding during the trial 
therapy in any of the 3 groups (Table IV). Two patients 
experienced minor bleeding during the trial therapy, ne- 





cessitating withdrawal of therapy in 1 patient. No ma- 
jor bleeding occurred as a result of diagnostic cardiac 
catheterization. Off of trial therapy, 8 patients experi- 
enced major bleeding, all of which was related to revas- 
cularization. One patient required surgical repair of the 
femoral artery puncture site after coronary angioplasty. 
The remaining 7 patients experienced major bleeding in 
relation to coronary bypass surgery: 5 of the 7 required 
>2 units of blood transfusion for perioperative blood 
loss, 1 underwent reoperation for a slipped ligature, and 
another had a perioperative gastrointestinal bleed. Pa- 
tients in the aspirin plus heparin and then warfarin 
group did not experience a greater frequency of either 
spontaneous bleeding or perioperative bleeding. During 
the same time period, 49% of all patients undergoing 
coronary bypass surgery at this hospital required blood 
transfusion. The average blood requirement for these 
patients was 2.3 units. In contrast, of the 27 patients 
who underwent bypass surgery in our study, only 7 
(26%) required blood, and their average requirement 
was 2.8 units. 


DISCUSSION 

Unstable angina pectoris represents a broad spec- 
trum, ranging from progressive or accelerating angina 
to the higher risk subset of resting angina with revers- 
ible electrocardiographic changes.'* Previous placebo- 
controlled therapeutic trials established a beneficial role 
for antithrombotic therapy with aspirin alone or with 
heparin or warfarin alone in progressive or accelerating 
angina.!2-4.7 With regard to the higher risk patients 
with resting unstable angina pectoris or non-Q-wave 
myocardial infarction, several trials of antithrombotic 
therapy have been reported>°* but the trial therapy was 
limited only to the first week after presentation.°* The- 
roux et al,? for example, compared antithrombotic ther- 
apy with either aspirin or heparin, or both, versus place- 
bo, in the high-risk subset of patients presenting with 
pain either at rest or with minimal effort and with elec- 
trocardiographic changes. They observed that, in this 
high-risk subset, as well, antithrombotic therapy was 
more effective than placebo was in reducing the rate of 
myocardial infarction or death. Furthermore, only hep- 
arin, or the combination of aspirin plus heparin, signifi- 
cantly reduced the rate of refractory angina. However, 
by design, all patients in this study’ were referred for 
catheterization and the trial therapy was ended 5 to 6 
days after randomization. Subsequently, several pa- 
tients experienced rebound myocardial ischemic pain af- 
ter heparin was stopped,’ and, at 3-month follow-up, 
48% of the original study population underwent coro- 
nary revascularization.*> More recently, Neri Serneri et 
al’ compared different antithrombotic regimens in a 
small group of patients with refractory angina. They ob- 
served a significant reduction in episodes of silent isch- 
emia in patients randomized to a continuous heparin in- 
fusion but not in patients randomized to aspirin or to 
the thrombolytic agent tissue plasminogen activator.® 

Despite these trials, several questions remain: (1) Is 
there an effective “medical” regimen for this acute cor- 
onary syndrome that can substantially reduce the inci- 
dence of recurrent myocardial ischemia and thereby 





minimize the need for invasive diagnostic catheteriza- 
tion and revascularization procedures? (2) In view of 
the dynamic intraarterial processes precipitating the 
acute coronary syndromes, does more aggressive anti- 
thrombotic therapy with platelet inhibition p/us antico- 
agulation offer more benefit than either agent alone? 
(3) Is one antithrombotic regimen better at reducing 
perioperative complications in patients presenting with 
unstable angina? Our study was designed to enroll high- 
risk patients with either resting angina or non-Q-wave 
infarction and to continue medical therapy (antianginal 
plus trial antithrombotic therapy) for 3 months after 
presentation. In addition, our analysis included events 
occurring during or after crossover to revascularization, 
and provided pilot data on the relative efficacy and safe- 
ty of combination antithrombotic therapy administered 
over a 3-month trial period. Several findings emerged. 

We observed a disappointingly high rate of recurrent 
chest pain prompting catheterization and revasculariza- 
tion in all 3 treatment groups. Specifically, aggressive 
combination therapy did not reduce the frequency of 
recurrent pain and of subsequent coronary angioplasty 
or coronary bypass surgery, compared to that seen with 
single antithrombotic therapy. In all, between the 51% 
of patients withdrawing from trial therapy because of 
revascularization, and the 16% of patients with nonob- 
structive coronary disease or negative stress test results, 
only 26% of the original cohort were discharged on the 
trial therapy and even fewer reached the 3-month fol- 
low-up on therapy. Despite our intention to attempt to 
continue antithrombotic therapy for 3 months, our rate 
of failure of medical therapy—that is, need for revascu- 
larization—was similar to that of Theroux,’ Neri Ser- 
neri and their co-workers—about 50%. Of interest, 
Ouyang et al,!5 in 1984, observed a similar rate of med- 
ical failure and revascularization, about 40 to 50%, with 
maximal antianginal therapy. Therefore, while the addi- 
tion of conventional antithrombotic therapy to antiangi- 
nal medication has had a beneficial impact on the rate 
of death and myocardial infarction,'~’ it has not altered 
the natural history of resting unstable angina or non-Q- 
wave infarction in the face of the need for definitive 
revascularization. 

Revascularization in the setting of unstable angina is 
associated with a higher complication rate.'®!? Our 
study is the first to analyze perioperative ischemic 
events and bleeding prospectively in patients with unsta- 
ble angina undergoing revascularization while on differ- 
ent antithrombotic regimens. Specifically, 2 of the 3 in- 
farctions in our heparin- or warfarin-alone group oc- 
curred during coronary bypass surgery. In contrast, 
none of the patients treated with aspirin experienced a 
perioperative infarction, or died. Earlier investigators 
have already noted the beneficial effect of aspirin given 
before revascularization.?°.*! 

The combination of aspirin plus heparin and then 
warfarin was associated with the lowest rate of infarc- 
tion or death, although the relatively small sample size 
of our study groups must be kept in mind. The prelimi- 
nary report of Wallentin and the RISK study group? is 
the first study with enough power to observe a statisti- 
cally significant benefit of combination therapy over 
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placebo and over short-term heparin-alone therapy. It 


might be anticipated that the routine use of antithrom- 


botics, especially the combination of aspirin with antico- 
agulants, would produce more adverse effects than ei- 
ther aspirin or heparin alone. In fact, we did not observe 
any spontaneous major bleeding during the trial therapy 
or major bleeding related to diagnostic catheterization. 
The lower rate of bleeding observed in the present 
study, compared to that observed by Theroux et al,? 
could be explained in two ways. They accepted a de- 
crease in hematocrit levels alone as a criterion for a “‘se- 
rious bleed,” and they used a dose of 650 mg/day of 
aspirin. In the present study, 325 mg was used in the 
aspirin-alone limb, and 80 mg in the combination limb. 
In addition, the combination of low-dose aspirin plus 
heparin and then warfarin did not result in an increased 
rate of blood transfusion during coronary bypass sur- 
gery. 

Study limitations: First, patients were prospectively 
enrolled and randomized, but the trial therapy was not 
blinded. However, the main end points were identified 
by daily interviews of the patients, and by review of the 
daily progress notes in the chart and of serial cardiac 
enzymes. These daily notes were written by the patients’ 
personal physicians and by nurses who were unaware of 
the general progress of the study and the emerging 
trends. Second, different dosages of aspirin were used in 
the 2 aspirin-containing limbs. In parallel with the study 
of Lewis et al,! we used 325 mg/day in the aspirin- 
alone limb, as the standard. For the combination limb, a 
dose of 80 mg of aspirin was chosen because this low 
dose would minimize aspirin-related adverse effects, 
which are dose-dependent. Third, our patient population 
was relatively small. In our ongoing trial, we are evalu- 
ating only 2 limbs, aspirin versus aspirin plus heparin 
and then warfarin, and will aim to enroll several hun- 
dred patients to achieve an adequate power to detect 
significant differences in treatment effect. 
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Angiographic Progression to Total Coronary 
Occlusion in Hyperlipidemic Patients After 
Acute Myocardial Infarction 


Joe K. Bissett, MD, William L. Ngo, MD, MPH, Richard P. Wyeth, MA, 
John P. Matts, PhD, and the POSCH Group* 


The progression of coronary artery stenosis to total 
occlusion was assessed in 413 hyperlipidemic pa- 
tients with a previous myocardial infarction. Coro- 
nary angiograms were recorded at baseline, 3 (n = 
312), and 5 years (n = 248) after initial study and 
analyzed by 2 independent readers. There were 
177 (43%) patients with 1-, 130 (31%) with 2-, 
and 61 (15%) with 3-vessel disease (>50% diame- 
ter narrowing), whereas 45 (11%) did not have sig- 
nificant disease within a major coronary vessel at 
baseline. A new finding of total occlusion occurred 
in 4% (30 of 748) and 7% (40 of 605) of major 
coronary artery segments at 3 and 5 years, respec- 
tively. The risk of progression to total occlusion 
was higher if the initial stenosis was >60% com- 
pared to lesions <60% both at 3 years (19 of 143 
= 13% vs 11 of 605 = 2%; p <0.001) and 5 years 
(27 of 91 = 30% vs 13 of 514 = 3%; p <0.001). 
The frequency of occlusion was highest for the 
right coronary artery by 5 years (18 of 167 = 11% 
for right vs 8 of 225 = 4% for circumflex vs 14 of 
213 = 7% for left anterior descending coronary 
arteries; p <0.02). Clinical and laboratory data re- 
vealed that myocardial infarction was associated 
with a new total occlusion in 23% of patients (7 of 
30) at 3 years and in 64% (25 of 39) at 5 years. 
Serum cholesterol and triglyceride levels were sig- 
nificantly higher in patients with a new finding of 
total occlusion at 5 years. This prospective serial 
angiographic study showed that the extent of initial 
coronary artery narrowing was significantly associ- 
ated with the risk of progression to total occlusion. 
(Am J Cardiol 1990;66:1293-1297) 
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coronary artery disease is related to both the time 

between angiograms and the degree of the stenosis 
seen at initial angiography.' However, other studies sug- 
gest that angiographically demonstrable progression of 
coronary artery disease is unpredictable except for very 
high-grade lesions (98 or 99%) that frequently progress 
to total occlusion.2 Such contradictory results may oc- 
cur, at least in part, because patients in most retrospec- 
tive studies had clinical events necessitating early re- 
catheterization. That method of selection may have pro- 
duced results not representative of the true natural 
history of coronary artery disease. 

In the current prospective study, as part of the mul- 
ticenter clinical trial “Program On the Surgical Control 
of Hyperlipidemia” (POSCH), we qualitatively ana- 
lyzed serial coronary angiography at 3 and 5 years after 
initial catheterization to determine the angiographic 
predictability of the progression of coronary artery dis- 
ease. We also used univariate analysis to determine 
whether other risk factors may be useful in predicting 
the progression of coronary atherosclerosis. 


|: has been suggested that angiographic progression of 


METHODS 

The POSCH study is a multicenter, secondary coro- 
nary disease interventional program. It was designed to 
determine the effects of lipid reduction by partial ileal 
bypass surgery on atherosclerotic cardiovascular disease 
in a hyperlipidemic population of patients who have sur- 
vived a first myocardial infarction.’ Criteria for entry 
into the POSCH study included age 30 to 64 years, a 
first myocardial infarction within 6 to 60 months of ran- 
domization, plasma cholesterol level 2220 mg/dl or 
200 to 219 mg/dl with a low-density lipoprotein of 
>140 mg/dl after 6 weeks of dietary therapy, diastolic 
blood pressure of <105 mm Hg, body weight <40% 
above the ideal, and the absence of diabetes mellitus, 
nephrotic syndrome, stroke or transient intracerebral 
accident, unstable angina or serious chronic cardiac dis- 
ease. 

Patients: A total of 5,469 patients were screened, 
with 417 patients randomized to the control group and 
421 subjects to the surgical group.* The surgical group 
underwent partial ileal bypass surgery with dietary lipid 
restriction, whereas the control group received dietary 
counseling for lipid reduction (Figure 1). All patients 
underwent follow-up clinical evaluation, including rest- 
ing and exercise (modified Bruce) electrocardiography 
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TABLE I Clinical Characteristics at Baseline, Three and Five 
Years 


Five Years 
(n = 248) 


Three Years 
(n = 312) 


Baseline 
Variable (n= 413) 
Age (yrs) 
Mean 
<40 (%) 
40—49 (%) 
50-59 (%) 
260 (%) 
Gender (%) 
M 
F 
Hx Smoking (%) 
Never 
Not cigarettes 
Current cigarettes 
Past 
Angina pectoris (%) 
Yes 
No 
MI Type (%) 
Q-wave 
Non-Q-wave 
Cholesterol (mg/dl) 
<250 
250-299 
>300 


Initial Clinical Evaluation 


History and Physical 


Plasma Lipid Profile 
Laboratory Studies 


Resting and Exercise Treadmill ECG Studies 


Coronary and Peripheral Arteriography 


RANDOMIZATION 


Control Group 
(dietary counseling) 


Surgical Treatment Group 
(partial Ileal bypass surgery) 


Review for progression of disease 





FIGURE 1. Schematic of patient evaluation on admission to 
the Program On The Surgical Control of Hyperlipidemia proto- 
col. Solid arrow traces the control group, the cohort of pa- 
tients studied in this report. ECG = electrocardiographic. 
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TABLE II Serum Lipid Profile at baseline, Three and Five 
Years 


Three 
Baseline Years 
(n = 413) (n = 311) 


1794977 
240 + 34' 
39:+.9* 
172 + 36° 


1944117 
239 + 32! 
40+10 
167 + 34t 


Triglycerides (mg/dl) 199 + 140 
Cholesterol (mg/dl) 251+ 35 
HDL 41+10 
LDL 179 +37 
Ratio (%) 
HDL/LDL 2347 2447 25 +8” 
HDL / cholesterol 16+4 17+ 4+ 17+ 4*+ 
* p <0.05, t p <0.001 compared to baseline; * numbers appear identical due to 


rounding off. 
HDL = high-density lipoprotein; LDL = low-density lipoprotein. 


TABLE Ill Percent Progression to Total Occlusion as 
Predicted by Location of Initial Stenoses* 


Coronary Artery Three Years Five Years 


Right 7 (14/208) 


3 (7/276) 
3 (9/264) 


11 (18/167) 
4 (8/225) 
7 (14/213) 
7 (40/605) 
0.017 


Left circumflex 
Left anterior descending 
Total 4 (30/748) 


0.055 


* Number of arteries with <100% occlusion at baseline. 


p Value 


at 3 months, 1, 2, 3, 4 and 5 years, with selective coro- 
nary arteriography repeated at 3 and 5 years. The cur- 
rent study is limited to patients randomized to the con- 
trol group—a total of 413 patients with baseline coro- 
nary angiograms repeated in 312 and 248 patients at 3 
and 5 years, respectively. 

Coronary angiographic analysis: All coronary an- 
giograms were reviewed centrally by a panel of 2 cardi- 
ologists. The coronary arterial system was divided into 
14 segments, with the right coronary artery divided into 
4 segments, the posterior descending coronary artery 
into 2 segments, the left main coronary artery into 2 
segments, the left anterior descending coronary artery 
into 3 segments and the left circumflex artery into 3 
segments. Film pairs for any given patient were read by 
2 observers blinded to the temporal sequence of films, 
treatment and patient identity. 

Definitions: Coronary artery disease was defined as 
a 250% diameter narrowing in a major coronary artery. 
Occlusion was defined as total obstruction without an- 
terograde filling in a previously patent segment. 

Statistical analysis: Univariate analysis, chi-square 
and ¢ tests were used as appropriate, with p <0.05 con- 
sidered statistically significant. 


RESULTS 

Table I lists the clinical characteristics on entry for 
all patients enrolled in this study at baseline, 3, and 5 
years. At baseline there were 177 patients (43%) with 
1-, 130 patients (31%) with 2-, and 61 patients (15%) 
with 3-vessel disease, whereas 45 patients (11%) did not 
have disease in a major coronary vessel. The ejection 
fraction was 56 + 12% at baseline. From baseline to 3 
years, 101 patients were removed from the study (16 
patients died; baseline film was lost for 14; follow-up 


Coronary Artery 


Left Anterior 
Descending 


Left 
Circumflex 


Right 


Three Years Five Years 


Initial 


Stenosis (%) No. (%) No. (%) 


film was lost for 2; the follow-up film was not done for 
25; the 3-year follow-up visit was missed by 23; and 21 
patients underwent revascularization before 3-year eval- 
uation). From baseline to 5 years, 169 patients were re- 
moved from the study (31 patients died; baseline film 
was lost for 13; 5-year film was lost for 1; the follow-up 
procedure was not done for 42; the 5-year follow-up vis- 
it was missed by 25 patients; and 53 patients underwent 
revascularization before the 5-year evaluation). The 
study population had, cumulatively, 32 deaths (1 pa- 
tient died after early 5-year angiography), 81 coronary 
artery bypass graft surgeries, and 9 percutaneous trans- 
luminal coronary angioplasties. Repeat analysis of the 
baseline clinical characteristics at 3 and 5 years showed 
that measured characteristics of the patient population 
did not significantly change during the study (Table I). 
Serum triglycerides, total cholesterol, high-density lipo- 
protein, low-density lipoprotein, high-density /low-densi- 
ty lipoprotein and high-density lipoprotein/cholesterol 
ratios measured at baseline, 3, and 5 years are listed in 
Table II. Patients who required revascularization before 
the next coronary angiogram were included in the anal- 
ysis but repeat analysis with exclusion of these patients 
did not significantly alter the findings of the study. 
After 3 years of follow-up, excluding 188 preexisting 
total occlusions, 30 of 748 (4%) segments in the 3 major 
coronary arteries progressed to total occlusion, whereas 
40 of 605 (7%) segments became totally occluded at 5 
years. When progression to total occlusion was com- 






TABLE V Percent Progression to Total Occlusion as 
Predicted by Severity of Initial Stenoses (No. / Total Lesions) 


Three Years Five Years 
Coronary 


Artery 
Right 


<60% >60% <60% >60% 
















3(4/137) 14(10/71) 7(8/123) 23(10/44) 


Left 1 (3/247) 14(4/29) 2 (3/204) 24(5/21) 
circumflex 

Left 2(4/221) 12(5/43) 1 (2/187) 46(12/26) 
anterior 

descending 

Total 2(11/605) 13(19/143)° 3(13/514) 30(27/91)° 






* p <0.001 when <60% is compared to >60%. 
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Three Years 


No. (%) 





Five Years Three Years Five Years 


No. (%) No. (%) No. (%) 


pared for the 3 major arteries, the right coronary artery 
had a significantly higher risk (p <0.02) than either the 
left anterior descending coronary artery or left circum- 
flex artery at 5 years (Table III). 

The risk of progression to total occlusion increased 
proportionally to severity of initial stenosis (Table IV). 
Vessels with minimal diameter narrowing rarely be- 
came totally occluded (0 to 2%) even at 5 years, where- 
as the risk of finding a new total occlusion increased 
significantly (17 to 60%) if the initial diameter narrow- 
ing was 295%. The risk of progression to total occlusion 
was significantly higher if the initial stenosis was >60% 
(p <0.001). The frequency of progression to total occlu- 
sion was highest in the left anterior descending coronary 
artery by 5 years, if the initial stenosis was >60%, but 
this distribution failed to reach statistical significance (p 
= 0.09; Table V). 

Among measured characteristics, including age, gen- 
der, smoking history, family history of cardiac disease, 


TABLE VI Prediction of Progression to Total Occlusion 
Serum Lipid Profile 


Did Not Progress Progress to Occlusion 
Lipid (mg/dl) (n = 281) (n = 30) p Value 


Three Years 


Triglycerides 175+91 209 + 140 

Cholesterol 240 + 34 
HDL 39+9 
LDL 173+ 36 
Ratio (%) 

HDL/LDL 

HDL /cholesterol 


160 + 39 


24+/7 
17+4 


26+8 
17+5 


Five Years 


(n = 35) 


254 + 210 
252 + 38 
40+11 
169 + 44 


Triglycerides 
Cholesterol 

HDL 

LDL 

Ratio (%) 
HDL/LDL 
HDL/cholesterol 


168 + 32 
2547 Zot it} 
17+4 16+6 


Values for p were calculated as paired changes from baseline. 
HDL = high-density lipoprotein; LDL = low-density lipoprotein. 
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TABLE VII Comparison of Coronary Artery Disease 
Progression Studies 


Interval Progress 







Investigators 







Bruschke et al! 1981 + 
Shub et al? 1981 65 24 22 tee 
Kramer et al? 1983 317 30 49 + + 
Gensini and Kelly® 1972 120 36 75cCAD + + 















Bruschke et al” 1989 168 40 + 0 
Moise et al® 1984 313 38 44 + + 
Bemis et al? 1973 72 24 52 0 O 
Marchandise 1978 48 42 OsCAD + ? 
et all" 27cCAD + + 
Rosch et al!! 1976 58 26 33 — — 
Visser et all? 1986 300 30 56 + — 
Ishikawa et al?3 1986 227 36 32 + — 
Nash et al!4 1977 119 21 89 — — 
Singh!> 1984 52 50 33 0 — 
Halon et al!® 1985 26 29 12 — — 
Kroncke et al!” + 
+ dësch? 
This study 1990 417 36/60 4/7" + + 












* Progression to total occlusion. 

c = with; CAD = coronary artery disease; Interval = time between studies; Med = 
medical treatment; Pre = predictability of progression based on initial degree of 
stenosis; s = without; Sur = surgical treatment; Time = progression of disease as 
time dependent; + = present; 0 = absent; ? = not determinable; — = data not given. 







blood pressure, heart rate, exercise test duration, fasting 
blood glucose, serum triglycerides and cholesterol levels, 
high-density lipoprotein cholesterol, low-density lipopro- 
tein cholesterol, high-density lipoprotein/low-density li- 
poprotein/cholesterol ratio and high-density lipopro- 
tein/cholesterol ratio, only serum triglyceride and total 
cholesterol levels demonstrated an association with the 
progression to total occlusion by 5 years (Table VI). Of 
all new total occlusions, 23% (7 of 30) were associated 
with clinical evidence ef myocardial infarction by 3 
years and 64% (25 of 39) by 5 years. 


DISCUSSION 

The value of initial angiography in predicting the 
progression of coronary disease remains controversial,!: 
with possible bias in patient selection’ producing con- 
flicting conclusions. A review of 15 published studies 
(Table VII)'?>-!’ revealed that most data were ob- 
tained retrospectively from symptomatic patients re- 
quiring recatheterization. Twelve to 89% of coronary 
arteries demonstrated further progression on repeat 
catheterization, when restudied at 21 to 60 months. In 9 
of the 15 studies,5-8-10-13-17 the investigators reported the 
progression of coronary artery disease predictable by 
initial angiography but in only 4 studies did the investi- 
gators report data on progression to total occlusion. 
Moise et al demonstrated a 31% risk of new occlusion 
if the initial stenosis was 290%. Singh!> reported simi- 
lar results of 30%, whereas Halon et allp showed an 
overall risk of 3% for occlusion at 26 months, with risk 
increasing to 24% if the initial stenosis was =75%. 
Moreover, Kramer et a" showed that only 6% of seg- 
ments with 1 to 30% stenosis developed total occlusion 
at 5 years versus 33% of patients with initial lesions of 
91 to 99%. 
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Retrospective study in a small number of patients 
has shown that significant progression of disease corre- 
lates with the presence of hyperlipidemia.? The current 
study also showed that patients with progression to total 
occlusion appeared to have higher serum cholesterol and 
triglyceride levels at 5 years. In the current study, le- 
sions of the right coronary artery were most likely to 
progress to total occlusion by 5 years. This is consistent 
with observations reported in another prospective trial.!7 

In this study all paired angiograms were reviewed by 
2 angiographers with consensus reading and a coding 
system that divided coronary arteries into 14 small seg- 
ments. Although there may have been some degree of 
disagreement as to the relative extent of stenosis within 
a given vessel, a new finding of total occlusion is less 
subjective. It has been shown that visual interpretation, 
which has been used in most progression studies, tends 
to underestimate the severity of coronary occlusions 
found at autopsy.'* Quantitative angiography using 
computer-assisted methods appears to be more accurate 
than consensus interpretation!? because the latter is 
subject to interobserver variability and to the experience 
of the panel members. Nonetheless, good agreement 
can be reached using consensus panel interpretation,” 
which is relatively reliable in the assessment of the pro- 
gression of coronary disease.'’ Our findings suggest that 
the risk of progression to total occlusion is increased in 
proportion to the degree of initial stenosis assessed by 
consensus interpretation. The risk of occlusion was also 
significantly higher if the original stenosis was >60%. 
These data obtained by prospective angiography ap- 
peared to confirm previous retrospective observations. 
Our study also illustrates that progression to total occlu- 
sion is not necessarily associated with clinical evidence 
of myocardial infarction. It is possible that sufficient 
collateral circulation may have developed preceding 
progression to total occlusion and thus prevented the oc- 
currence of infarction. 

This study demonstrated that coronary angiography 
provides valuable information concerning the risk of 
progression to total occlusion. Early angiography may 
be important in selecting patients with high potential for 
progression to complete obstruction. Because the lipid 
profile of the population and because patients with oth- 
er risk factors such as diabetes mellitus and essential 
hypertension have been excluded, our conclusions 
should be restricted to the current study population and 
extended to other populations with caution. 


Acknowledgment: We gratefully acknowledge the 
assistance of Meredith Stuenkel, BSN, RNP, in the 
preparation of this report. 
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Henry S. Sawin, Jr., MD, Frederic J. Weber, MD, PhD, Helene 
B. Brooks, BS, Rebecca F. Cairns, RN, MSN, and Margaret E. 
Trobovic, RN. | 

Central Electrocardiographic Laboratory: Naip Tuna, 
MD, PhD, James N. Karnegis, MD, PhD, James E. Stevenson, 
MD, Regina A. Brykovsky, and Mark A. Linssen. 

Central Lipid Laboratory: Jane C. Speech, MD. 

Central Arteriography/Radiology Laboratory: Kurt Am- 
platz, MD, Miguel E. Sanmarco, MD, Wilfredo R. Castaneda- 
Zuniga, MD, David W. Hunter, MD, and Nancy P. Wehage, 
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Campos, MD. 

Administration: Bernard A. Ley, BS, and Betty J. Hansen, 
RN. 

Data Monitoring Committee: Thomas C. Chalmers, MD 
(Chairman), Jacob E. Bearman, PhD, Gerald R. Cooper, MD, 
PhD, Samuel W. Greenhouse, PhD, J. Ward Kennedy, MD, 
Paul Meier, PhD, Curtis L. Meinert, PhD, Jeffrey L. Probst- 
field, MD, Jeremiah Stamler, MD, and D. Eugene Strandness, 
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Mortality Review Committee: Jesse E. Edwards, MD 
(Chairman), Lawrence S.C. Griffith, MD, Arthur J. Moss, 
MD, David M. Spain, MD, and Jack L. Titus, MD, PhD. 

Policy and Data Monitoring Board: Antonio M. Gotto, Jr., 
MD, DPhil (Chairman), C. Morton Hawkins, ScD, James J. 
Leonard, MD, Floyd D. Loop, MD, Elliot Rapaport, MD, 
David L. Sylwester, PhD, and Doris Tulcin, BA. 
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The Western Washington Myocardial Infarction 
Registry and Emergency Department Tissue 
Plasminogen Activator Treatment Trial 


Ralph Althouse, MD, MPH, Charles Maynard, PhD, Manuel D. Cerqueira, MD, 
Michele Olsufka, RN, James L. Ritchie, MD, and J. Ward Kennedy, MD* 





This study comprised a registry and an emergency 
department treatment trial using recombinant tis- 
sue plasminogen activator. During 1 year, 1,028 
patients with documented acute myocardial infarc- 
tion (AMI) were evaluated for eligibility for throm- 
bolytic therapy. Of these, 221 patients (22%) were 
eligible for thrombolytic therapy under currently 
accepted criteria, 175 (79%) of them were correct- 
ly identified by emergency department physicians 
for thrombolytic therapy, and 160 were enrolled in 
the trial. Only 3 patients (2%) enrolled by emergen- 
cy department physicians did not subsequently 
evolve documented AMI. In all, 807 patients (78%) 
were ineligible for thrombolytic therapy: 335 
(33%) because of 21 contraindications, 364 (36%) 
because of nondiagnostic electrocardiograms on 
presentation, and 105 (10%) because of age >75 
years, or >6 hours of chest pain at presentation, or 
both. Mortality in treated patients at 14 days was 
5.6%, and survival at 1 year was 92%. The mean 
time from hospital arrival to thrombolytic treatment 
was 55 + 27 minutes. Initial management of AMI 
with recombinant tissue plasminogen activator in 
the emergency department provided rapid and safe 
treatment comparable to that reported in trials that 
started treatment in the coronary care unit. The 
proportions of eligible patients could be increased 
from 1 in 5 to 1 in 3, if patients currently excluded 
only because of age >75 years or because of >6 
hours of chest pain were offered treatment. 

(Am J Cardiol 1990;66:1298-1303) 
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(AMI) with thrombolytic agents has been shown 

to restore blood flow in the infarct-related ar- 
tery,! improve ventricular function,? decrease infarct 
size? and reduce mortality.4-!° Because maximal bene- 
fits occur with early therapy, rapid and efficient actions 
in identifying eligible patients and initiating treatment 
are desirable.'' Making the diagnosis and starting treat- 
ment of AMI in the emergency department can reduce 
the delay to initiation of thrombolysis.!2 We evaluate 
the efficacy, safety and practicality of having emergen- 
cy department physicians administer intravenous re- 
combinant tissue plasminogen activator (rt-PA) to pa- 
tients with AMI in hospital emergency departments. 
We also evaluate the proportion of all patients with 
AMI who were eligible for thrombolytic therapy and 
the reasons for ineligibility. 


‘Te treatment of acute myocardial infarction 


METHODS 

Myocardial Infarction Registry: Between January 
15, 1987, and January 15, 1988, all patients with docu- 
mented AMI as a primary or secondary diagnosis (In- 
ternational Classification of Diseases codes 410.0 to 
413.9) at 8 hospitals in the Seattle-Tacoma, Washing- 
ton, metropolitan area were identified. From the medi- 
cal record, the study nurse recorded patient age and 
gender, presence or absence of inclusion and exclusion 
criteria for the rt-PA study, reason the patient (if eligi- 
ble) was not enrolled in the study, initial and highest 
blood pressure during the first hour in the hospital and 
the electrocardiographically determined infarct location. 
The nurse also recorded the time of chest pain onset, 
mode of arrival to the hospital, time of arrival of ambu- 
lance or paramedics (if used) and the time of arrival in 
the emergency department, as well as the use of other 
thrombolytic agents, cardiac catheterization, coronary 
angioplasty and coronary artery bypass grafting. Final- 
ly, we obtained the vital status at the time of hospital 
discharge. 

Recombinant tissue plasminogen activator treat- 
ment trial: PATIENT ENROLLMENT: All patients presenting 
to emergency departments in participating hospitals 
were eligible for enrollment if they were <75 years, had 
symptoms typical of AMI lasting 220 minutes and un- 
relieved with nitroglycerin, presented within 6 hours 
of onset of symptoms and met electrocardiographic cri- 
teria. 

ELECTROCARDIOGRAPHIC CRITERIA: Upward bowing 
(convex) ST-segment elevation >0.1 mV in 22 associ- 


Oe 


ated leads measured 60 ms beyond the J point was re- 
quired for enrollment. The presence of Q waves did not 
exclude patients from treatment. 

EXCLUSION CRITERIA: Factors that excluded patients 
from enrollment in the trial included: (1) any medical 
contraindication to thrombolysis or systemic anticoagu- 
lation; (2) diastolic blood pressure >120 mm Hg; (3) 
major surgical procedure or major trauma in chest, ab- 
domen, cranium or spinal cord within 2 months; (4) any 
history of cerebrovascular accident or known intracere- 
bral neoplasm, arteriovenous malformation or aneu- 
rysm; (5) recent cardiopulmonary resuscitation with 
clinically apparent rib fracture, flail segment or sternal 
instability; (6) vascular access in a noncompressible site 
(e.g., internal jugular or subclavian vein) placed within 
72 hours of treatment; and (7) concomitant known dis- 
ease likely to limit lifespan to <6 months in the absence 
of AMI or that might impair cooperation with the 
study. 

PATIENT MANAGEMENT: We obtained informed con- 
sent as approved by the institutional human subjects re- 
view committee at each hospital (approval date, Octo- 
ber 17, 1986). Treatment was initiated in the emergen- 
cy department. Initially, the rt-PA dose was 150 mg 
given as 1 mg/kg to a maximum of 90 mg with an 
immediate bolus of 10% over the first hour, followed by 
continuous infusion of the remaining rt-PA over 5 
hours. However, after the occurrence of an intracerebral 
hemorrhage in the ninth of 10 patients treated at the 
150-mg dose, and a report of excess of intracerebral 
hemorrhage at this dose,!? the total dose was reduced to 
100 mg. Subsequent patients received a bolus of 6 mg, 
followed by 54 mg in the first hour, 20 mg in the sec- 
ond, and 5 mg/hour in hours 3 to 6. 

Continuous intravenous heparin (5,000 IU bolus and 
500 IU/hour) was begun 1 hour after the start of the rt- 
PA infusion and was adjusted every 6 hours to maintain 
the partial thromboplastin time between 60 and 90 sec- 
onds for 96 hours. Creatine phosphokinase was deter- 
mined every 4 hours during the first 24 hours. Coronary 
care unit staff performed assessment of bleeding and 
made neurologic observations. Decisions concerning ad- 
ditional therapy, including angioplasty and coronary ar- 
tery bypass grafting, were made at the discretion of the 
attending physician. Patients received aspirin, 325 mg/ 
day, starting on the day after rt-PA infusion. 

ASSESSMENT OF VENTRICULAR FUNCTION AND INFARCT 
size: Coronary arteriography and left ventriculography 
at 7 to 10 days after initial rt-PA therapy were recom- 
mended but not required. At 10 to 12 weeks after hospi- 
tal discharge, ejection fraction measured by radionu- 
clide ventriculography and infarct size measured by 
single-photon emission computed tomographic thallium- 
201 imaging were performed at the Seattle Veterans 
Administration Medical Center 

CLINICAL DATA COLLECTION: The enrolling physician 
recorded initial baseline data, which were verified by 
the research nurse. These data included age and gender, 
presence of inclusion and exclusion criteria, highest sys- 
tolic and diastolic blood pressures during the first hour, 
acute infarct location as determined by electrocardiog- 
raphy and the results of physical and neurologic exami- 
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TABLE I Reasons for Ineligibility for Thrombolytic Therapy in 
Patients with Acute Myocardial Infarction (n = 1,028) 


Variable 
Ineligible patients 807 (78.5) 
Single reason for ineligibility 332 (32.3) 
Age >75 36 (3.5) 
Presentation >6 hours 50 (4.9) 
Nondiagnostic ECG 170 (16.5) 
Contraindications 76 (7.4) 
Two reasons for ineligibility 307 (29.9) 
Age >75 and presentation >6 hours 19 (1.8) 
Age >75 and nondiagnostic ECG 62 (6.0) 
Age >75 and contraindications 30 (2.9) 
Presentation >6 hours and 90 (8.8) 
nondiagnostic ECG 
Presentation >6 hours and 14 (1.4) 
contraindications 
Nondiagnostic ECG and 92 (9.0) 
contraindications 
Three reasons for ineligibility 149 (14.5) 
Age >75, presentation >6 hours, 42 (4.1) 
nondiagnostic ECG 
Age >75, presentation >6 hours, 11 (1.1) 
contraindications 
Age >75, nondiagnostic ECG, 49 (4.8) 
contraindications 
Presentation >6 hours, 47 (4.6) 
nondiagnostic ECG, contraindications 
Four reasons for ineligibility 16 (1.6) 
Unknown 3 (0.3) 


ECG = electrocardiogram. 


nation. We also recorded the patient’s clinical status at 
the time of entry. Hemodynamic status was indicated as 
stable, hypotensive (systolic blood pressure <90 mm 
Hg) or cardiogenic shock (systolic blood pressure <80 
mm Hg with evidence of hypoperfusion). Additional 
data abstracted from the chart included time of chest 
pain onset, mode and time of arrival to the hospital, 
time of arrival of ambulance or paramedics (if used) 
and time of rt-PA administration. We assessed the pa- 
tient’s cardiac history before hospitalization; we noted 
prior AMI, angina, hypertension requiring treatment, 
current cigarette smoking, congestive heart failure and 
cardiac drug therapy, as well as prior angioplasty and 
coronary artery bypass grafting. Bleeding complications 
were documented in detail. In addition, partial throm- 
boplastin time and creatine phosphokinase values were 


ALL INFARCT PATIENTS 
N=1028 













INELIGIBLE ELIGIBLE 
Ba "< 
807 
(78%) 
UNTREATED TREATED TREATED.  PEFUSED UNTREATED 


TREATMENT 


796 11 168 7 46 
(99%) (1%) (76%) (3%) (21%) 


FIGURE 1. Eligibility for thrombolytic therapy and subsequent 
thrombolytic treatment in 1,028 consecutive acute myocardial 
infarction patients at 8 hospitals. 
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TABLE Il Prevalence of Contraindications to Thrombolytic 
Therapy in Patients with Acute Myocardial Infarction (n= 
1,028) 


Contraindication 








Intracranial pathology 
Recent surgery /trauma 59 














Diastolic blood presure >120 mm Hg 45 
Comatose 40 
Active bleeding 38 
Unable to cooperate* 36 
Renal disease 32 
Recent cardiopulmonary resuscitation 14 
Other medical reasonst 13 
Recent central line placement 10 
Terminal illness 8 
Retinopathy 8 
Aneurysm 4 
Hepatic disease 3 
Active peptic ulcer disease 2 






One or more of these 








* Dementia, psychiatric illness. 
t Anemia (3), leukemia (2), thrombocytopenia (2), pancreatitis (2), breast cancer 
(1), pancytopenia (1), sepsis (1) and small bowel obstruction (1). 






recorded. The dates of cardiac catheterization, coronary 
angioplasty and coronary artery bypass surgery were 
listed for patients undergoing these procedures. AMI 
was confirmed by enzymatic and electrocardiographic 
information. Finally, vital status at discharge was deter- 
mined and cause of death was ascertained. 

ANGIOGRAPHY: For those patients who underwent 
coronary angiography, an angiographic reading com- 
mittee reviewed the films. The committee classified ste- 
noses according to severity and location, and deter- 
mined the number of diseased vessels. Collateral circu- 
lation to the distal bed of the infarct-related artery was 
graded on a scale of 0 to 3, as previously defined.'4 Ade- 
quacy of blood flow in the infarct-related vessel was 
graded using standard criteria.!5 Ejection fractions were 
determined using the centerline method.!6 

FOLLOW-UP: A 6-month and 1-year follow-up were ac- 
complished by mail or by phone, or both. Vital status 
and interim coronary bypass surgery and coronary angi- 
oplasty were ascertained. 

STATISTICAL METHODS: We used the chi-square statis- 
tic to test for statistical significance for categorical vari- 
ables, and for continuous variables, we used the 2-tailed 
t test to determine statistical significance. Continuous 
variables were expressed as mean + 1 standard devi- 
ation. We used the product limit method to test for dif- 
ferences in long-term survival between anterior and in- 
ferior AMI. 


RESULTS 

Myocardial Infarction Registry: During the trial 
1,028 patients with AMI were admitted to participating 
hospitals; 30 (3%) had only electrocardiographic evi- 
dence of AMI, 276 (27%) had only creatine phosphoki- 
nase elevation with MB fraction >5% of the total, and 
693 (67%) had both; 29 (3%) had missing information, 
but with clinical presentation were considered to be di- 
agnostic of AMI. Two hundred twenty-one (22%) met 
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TABLE Ill Baseline and Outcome Variables for Patients 
Treated with rT-PA 


No. of pts 160 



























Age (yrs) 58 + 10 
Women 19% 
Anterior AMI 38% 
Inferior AMI 62% 
Time to arrival (minutes) 94+ 65 
Time to treatment (minutes) 1414169 
Hemodynamically stable 89% 
Cardiogenic shock 2% 
Prior AM! 16% 
Peak creatine phosphokinase 1954+ 1723 
Time to peak creatine phosphokinase (hours) 15.34 11.7 
Outcome variables 
14-day mortality—inferior 3% 
14-day mortality—anterior 10% 
One-year survival—inferior 96% 
One-year survival—anterior 85% 
Infarct artery patency 75% 
Angiographic ejection fraction—inferior (%) 54+ 10 
Angiographic ejection fraction—anterior (%) 48411 
Radionuclide ejection fraction—inferior (%) 56+ 10 
Radionuclide ejection fraction—anterior (%) 43417 
Infarct size 
(% infarcted left ventricle)— inferior 10+10 
(% infarcted left ventricle)—anterior 19+12 






AMI = acute myocardial infarction; rt-PA = recom 
activator. 


binant tissue-type plasminogen 






study criteria for rt-PA (Figure 1). Under the study 
protocol, 160 patients (72%) received rt-PA, 8 received 
thrombolytic therapy outside the trial, and 7 refused 
thrombolytic treatment. Thus, 175 eligible patients 
(79%) were correctly identified for treatment by emer- 
gency physicians. Forty-six patients (21%) were not 
treated. The reasons these patients did not receive 
thrombolytic therapy were not specified in the records. 
Only 11 (1%) of 807 patients who were ineligible under 
study criteria were treated with thrombolysis, and none 
was treated by a participating emergency physician. 

The reasons for the ineligibility of 807 patients are 
listed in detail in Table I. Overall, 265 (26%) were >75 
years, 289 (28%) presented after 6 hours of chest pain, 
and 568 (56%) had nondiagnostic electrocardiograms. 
In addition, 335 patients (33%) had >1 contraindica- 
tions to thrombolytic therapy. Contraindications are 
specified in Table II. 

Recombinant tissue plasminogen activator treat- 
ment trial: Of the 160 patients in the trial, 157 (98%) 
had documented AMI, and of the 3 without document- 
ed AMI, 1 patient had unstable angina, whereas the 
other 2 had neither enzymatic nor electrocardiographic 
evolution consistent with AMI despite presenting with 
compatible symptoms and ST elevation. The mean peak 
creatine phosphokinase was 2,209 + 1,737 IU/liter in 
151 surviving patients and the average time to the peak 
value was 15.6 + 11.8 hours. 

Table III lists baseline and outcome variables for pa- 
tients treated in the present study. Patients treated in 
the emergency department rt-PA trial were treated 141 
+ 69 minutes after symptom onset, on average 68 min- 
utes faster than in the Western Washington Intravenous 
Streptokinase Trial,’ where treatment was started in the 





3 


be 


coronary care unit 209 + 84 minutes after symptom 
onset (p <0.0001). Mean time from arrival to throm- 
bolysis in the present study was 55 + 27 minutes (range 
17 to 155 minutes), with a median of 52 minutes. De- 
spite a concerted effort to treat patients within 60 min- 
utes of hospital arrival, in 36.7% of rt-PA trial patients, 
rt-PA was started after 60 minutes. 

MORTALITY: There were 9 (5.6%) deaths during the 
first 14 days after treatment; 3 patients died of cardio- 
genic shock, 2 of arrhythmia, 1 of cardiac rupture, | of 
AMI complicated by previously undiagnosed leukemia, 
1 during bypass surgery, and 1 of recurrent AMI after 
hospital discharge. There was an additional cardiac 
death at day 21, which resulted in a 42-day mortality of 
6.2%. Patients who died within 14 days did not differ 
from survivors with respect to age, sex or prior AMI. 
Mortality for patients with anterior and inferior AMI 
was 9.8 and 3.0%, respectively (p = 0.069). 

Six-month follow-up has been completed for 148 of 
151 (98%) surviving patients, and 12-month follow-up 
has been completed for 139 of 147 (95%) surviving pa- 
tients. The average follow-up time was 364 + 78 days. 
Four patients are known to have died in the interval 
between 14 days and 6 months and 1 is known to have 
died after 6 months. Therefore, 1-year survival by life- 
table methods was 92%. All late deaths were due to car- 
diac causes. One-year survival for anterior AMI was 
85%, whereas 1-year survival for inferior AMI was 96% 
(p = 0.03 by the log-rank statistic). 

CARDIAC CATHETERIZATION: Cardiac catheterization 
was performed on 145 (91%) patients 5 + 3 days (range 
0 to 19 days) after infarction; 143 (99%) films were 
available for review. These data are listed in Table III. 
The infarct-related coronary artery was the left anterior 
descending in 36%, the right in 45%, and the circumflex 
in 19%. The overall patency rate was 75%: 78% for an- 
terior infarction and 74% for inferior infarction (p = 
0.59). The average residual percent diameter stenosis 
for patients without total occlusion was 74 + 20%. 
There were 112 films (78%) that had left ventricular 
angiograms of adequate quality to determine ejection 
fractions, as listed in Table III. 

LATE EJECTION FRACTION AND INFARCT SIZE: Radionu- 
clide ejection fraction and thallium infarct size mea- 
surements were completed in 100 (62%) patients at 11.3 
+ 4.4 weeks after AMI. These data are listed in Ta- 
ble III. 

TREATMENT AFTER ACUTE MYOCARDIAL INFARCTION: 
During the first 14 days after AMI, 33 (21%) patients 
underwent coronary artery bypass graft surgery, and 31 
(19%) underwent coronary balloon angioplasty; by 1 
year, 24% had coronary artery surgery and 20% had 
coronary angioplasty. There was 1 surgical death. The 
duration of hospitalization for surviving patients was 10 
+ 7 days. In comparison, during the first 14 days after 
AMI, bypass surgery and angioplasty were performed 
in 7 and 6%, respectively, of patients in the intravenous 
streptokinase trial; 27% had a revascularization proce- 
dure in the first year after AMI. 

COMPLICATIONS OF RECOMBINANT TISSUE PLASMINOGEN 
ACTIVATOR TREATMENT: Bleeding was reported in 44 pa- 





tients (28%), but most of these incidents were minor; 6 
(4%) patients required transfusions. Gross hematuria 
and hematoma were reported in 6 (4%) and 10 (6%) 
patients, respectively. Intracerebral hemorrhage, the 
major complication of therapy, occurred in 3 patients 
(1.9%, 95% confidence interval 0.4 to 5.5%); 1 patient 
received the 150-mg dose of rt-PA and 2 received the 
100-mg dose. None of these patients died. One patient 
was left with a mild residual neurologic deficit, while 2 
had complete neurologic recovery at 6-month follow-up. 


DISCUSSION 

Our primary objective was to evaluate initiating ad- 
ministration of rt-PA for AMI in the emergency depart- 
ment.!7 In previous trials, cardiologists have decided on 
thrombolytic therapy; however, this policy increases the 
time from presentation to treatment,!? which may de- 
crease the benefit of clot lysis on left ventricular preser- 
vation.'8 We are not aware of any study that has evalu- 
ated the performance of emergency physicians starting 
thrombolytic therapy. 

In this study, emergency physicians failed to offer 
thrombolytic therapy to 46 of 221 (21%) of eligible pa- 
tients. This proportion is probably higher at hospitals 
where the staff is not as familiar with thrombolytic 
therapy. Thus, one strategy to increase the numbers of 
patients treated is to educate physicians about thrombo- 
lytic therapy and to offer treatment to all eligible pa- 
tients. AMI was subsequently ruled out in only 3 of 160 
patients (2%) treated by emergency physicians. The ef- 
fectiveness of emergency department triage was also 
seen in the small number of patients (11 of 807, 1%) 
ineligible by study criteria, who subsequently had 
thrombolytic therapy given by cardiologists. The inci- 


Potentially eligibie 
n=105 


10% 
>6 hours and 


>75 y/o 
>6 hour delay n=19 
n=50 
>75 y/o 
n=36 


Currently eligible 
n=221 


Ineligible: 


Non-diagnostic ECG 


n=364 i : 


Ineligible: 
Contra-indications 
n=335 





FIGURE 2. Distribution of patients eligible and ineligible for 
thrombolytic therapy, and reasons for ineligibility among 
1,028 consecutive acute myocardial infarction patients at 8 
hospitals. Shown in exploded portion are patients with only 
age or duration of chest pain exclusion criteria, who are po- 
tentially eligible for thrombolytic therapy. ECG = electrocar- 
diogram. 
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dence of serious bleeding complications was similar to 
that seen in other trials of rt-PA.*!° Although the rate 
of intracerebral hemorrhage is high, it is based on 3 
events and statistically is not significantly different from 
the rate reported in a recent larger trial.!° 

A randomized trial was not performed because, dur- 
ing the planning phase of the trial (1986), the evidence 
favoring thrombolytic therapy made a placebo-con- 
trolled trial in our community unethical, and resources 
were insufficient to enter the large numbers of patients 
required to perform a randomized trial of rt-PA versus 
another thrombolytic agent. We have therefore com- 
pared the results of the present study with our earlier 
randomized trial of intravenous streptokinase.’ This tri- 
al ended 4 months before the start of the rt-PA trial and 
included the 8 hospitals in the current study. The base- 
line demographic and clinical features of the 2 patient 
populations were nearly identical. Given the limitations 
imposed by historical comparisons, we found that emer- 
gency department diagnosis and treatment shortened 
the time from hospital admission to therapy by an aver- 
age of 68 minutes. The reasons for this decrease be- 
tween the 2 trials have been discussed.'? Sharkey et al!2 
found on average a 70-minute delay between emergency 
department arrival and thrombolytic therapy, with 34 
minutes additional time taken by transporting patients 
to the coronary care unit. 

A second objective was to define the proportion of 
patients who were eligible for thrombolytic therapy, and 
the prevalence of contraindications in a complete popu- 
lation of patients with AMI. Most trials report only the 
results for patients who were treated with thrombolytic 
therapy; the impact of treatment among all patients 
with AMI has been less clear. In the studies that re- 
corded the number of all AMI patients, the proportion 
eligible for therapy ranged from 23 to 51%,4-620.21 yet 
none specified detailed reasons for patient exclusion. 
This variability is due in part to differences in exclusion 
criteria. We used the criteria currently stated in the 
package insert for intravenous treatment with rt-PA 
and thus our study probably closely reflects current ac- 
cepted practice. 

Figure 2 shows the potential increases in the propor- 
tion of AMI patients eligible for thrombolytic therapy 
in our study; 335 (33%) had contraindications that 
place them at very high risk from thrombolytic therapy. 
Another 364 patients (36%) had nondiagnostic electro- 
cardiograms. Because 65 to 75% of these patients do not 
have AMI,’ treating them with thrombolytic therapy 
would expose many patients without infarction to signif- 
icant hemorrhagic risks. Additionally, the benefit of 
treating AMI patients with nondiagnostic electrocardio- 
grams has not been demonstrated conclusively.* After 
excluding these patients, we found 326 patients (32% of 
all patients) potentially eligible for thrombolytic thera- 
py, 105 (48%) more than were eligible under current 
guidelines. Thirty-six of these patients had been exclud- 
ed solely because of age, 50 solely because of delay in 
presentation, and 19 because of both. Recent studies 
Suggest significant benefits from thrombolytic therapy 
in these patients, who should not be excluded from ther- 
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apy for these reasons alone.? Thus, based on this experi- 
ence, at most | in 3 patients with AMI appears to be 
eligible for thrombolytic therapy. 
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Ability of Calcium-Entry Blockade by Felodipine 
To Disclose Different Pathogenetic Mechanisms 
Behind Hyperventilation-Induced 
Myocardial ischemia in Men 


Diego Ardissino, MD, Stefano Savonitto, MD, Paola Zanini, MD, Paolo Barberis, MD, 
Stefano De Servi, MD, Alberto Rolla, MD, and Giuseppe Specchia, MD 


To verify that myocardial ischemia occurring dur- 


ing either the overbreathing or recovery phase of 
the hyperventilation test is based on different 
pathogenetic mechanisms, 2 consecutive series of 
patients, selected on the basis of their response to 
a run-in hyperventilation test, were studied. Group 
I comprised 15 patients who developed ST-segment 
depression early during overbreathing, whereas 
group Il consisted of 12 patients showing ST-seg- 
ment depression late during the recovery phase. A 
single oral dose of felodipine 10 mg or of placebo 
was administered on 2 consecutive days according 
to a randomized, double-blind, crossover design, 
and the hyperventilation test was repeated, on both 
days of the study, 3 to 5 hours after drug intake. In 
group I, ST-segment depression occurred after pla- 
cebo in all patients during overbreathing, with an 
increase in rate pressure product (from 112 + 31 
at baseline to 168 + 55 mm Hg x beats/min/100 
at the onset of ST-segment depression; p <0.01). 
After felodipine, 13 patients continued to show ST- 
segment depression during overbreathing, together 
with an increase in rate pressure product (from 
107 + 24 at baseline to 158 + 46 mm Hg x beats/ 
min/100 at the onset of electrocardiographic 
changes; p <0.01). In group Il, all 12 patients 
showed ST-segment depression during recovery af- 
ter placebo, with a rate pressure product compara- 
ble to baseline conditions (112 + 35 at baseline vs 
102 + 27 mm Hg xX beats/min/100 at the onset of 
ST-segment depression; difference not significant). 
After felodipine, no patient developed ST-segment 
depression or chest pain. These findings confirm 
that early hyperventilation-induced ST-segment de- 
pression is related to increased oxygen consump- 
tion, which cannot be prevented by felodipine. On 
the other hand, felodipine is highly effective in pre- 
venting delayed ischemia, which is due to a primary 
reduction in coronary blood flow. 

(Am J Cardiol 1990;66:1304-1308) 
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myocardial ischemia in patients with coronary 

artery disease.'* Ischemic electrocardiographic 
changes may occur during either the overbreathing or 
the recovery phases of the test and are probably related 
to different pathogenetic mechanisms. Myocardial isch- 
emia observed early during overbreathing has been at- 
tributed to increased oxygen demand in patients with 
poor coronary reserve, whereas delayed ischemia ob- 
served during the recovery phase of the test is probably 
due to a primary reduction in coronary blood flow.5 To 
verify that hyperventilation-induced myocardial isch- 
emia is based on different pathogenetic mechanisms in 
relation to the phase of the test in which it occurs, we 
investigated the effect of felodipine, a new vasoselective 
dihydropyridine calcium antagonist, in patients with an 
early or delayed positive response to the test. Felodipine 
has the potential to differentiate between these 2 patho- 
genetic mechanisms, because it is a powerful inhibitor 
of coronary vasoconstriction and does not have a major 
influence on myocardial oxygen consumption.®’ 


T> hyperventilation test has been used to provoke 


METHODS 

Patient selection: We studied 97 consecutive pa- 
tients with a clinical history of angina pectoris and angi- 
ographically documented coronary artery disease. All 
patients underwent a hyperventilation test. Among 
them, 14 had clinical characteristics of variant angina 
and hyperventilation-induced ST-segment elevation, 
whereas 27 showed hyperventilation-induced ST-seg- 
ment depression, occurring during the overbreathing 
phase in 15 patients and during the recovery phase in 
the remaining 12. Our study population consisted of the 
15 patients showing ST-segment depression during 
overbreathing (group I) and of the 12 patients who de- 
veloped ST-segment depression during recovery (group 
II). The hyperventilation test was not performed in pa- 
tients with chronic pulmonary disease, left bundle 
branch block, clinical conditions that did not justify 
temporary withdrawal of antianginal therapy, such as 
crescendo angina, prolonged chest pain at rest, poor re- 
sponse to nitroglycerin, severe ventricular arrhythmias 
or left ventricular failure during anginal attacks. All pa- 
tients were informed of the study procedure and gave 
their consent for participation in the study. The protocol 
was approved by the appropriate institutional commit- 
tees. 





ATT GPCI IF PSEA LEMS 


Hyperventilation test: The hyperventilation test was 
performed by asking the patients to breathe as deeply 
and rapidly as possible (230 respirations per minute) 
for 5 minutes. A 12-lead electrocardiogram and blood 
pressure (cuff) were recorded at rest, before starting 
overbreathing, every minute during the test, and during 
at least the first 10 minutes of the recovery phase. An 
estimate of myocardial oxygen consumption was made 
from the rate pressure product, obtained by multiplying 
heart rate and systolic blood pressure (beats/min X mm 
Hg). A positive test response was defined as an electro- 
cardiographic change (ST-segment depression >1 mm 
for 0.08 second after the J point), with or without chest 
pain, developed during the overbreathing or the recov- 
ery phase of the test. During the test and the recovery 
phase, the time to onset of 1-mm ST-segment depres- 
sion was recorded. 

Study protocol: The 2 series of, respectively, 15 
(group I) and 12 (group II) patients, selected on the 
basis of the aforementioned criteria, were enrolled for a 
randomized, double-blind, crossover study. One tablet 
of felodipine 10 mg or matching placebo was adminis- 
tered on 2 consecutive days at 6:00 a.m. Hyperventila- 
tion tests were performed 3 to 5 hours after drug or 
placebo administration in the fasting state. Beta-adre- 
nergic blocking agents were gradually withdrawn 272 
hours before the initiation of the study, whereas nitrates 
and calcium antagonists were discontinued 24 hours be- 
fore; only sublingual nitroglycerin was used during the 
latter period, and a minimum of 2 hours was allowed to 
elapse before testing was started, if the drug had been 
used. 

Felodipine plasma concentration: Blood samples (8 
ml) for analysis of felodipine plasma concentrations 
were taken by venipuncture immediately before each 
hyperventilation test. Plasma was separated by centrifu- 
gation at 3,000 rpm for 10 minutes, stored at —20°C, 
and analyzed at the Department of Analytical Chemis- 
try, AB, Hassle, Sweden. 

Coronary arteriography and great cardiac vein flow 
measurements: Selective coronary arteriography was 
performed in multiple views using the Sones or the Jud- 
kins technique after premedication with 10 mg diaze- 
pam. Left ventriculography was performed in the right 
anterior oblique projection before coronary arteriogra- 
phy. Narrowing of >50% of 21 coronary artery was 
considered significant coronary artery disease. When a 
significant lesion was noted, the vessel was filmed again 
after sublingual administration of nitroglycerin. In 2 pa- 
tients, 1 from each group, with isolated lesions of the 
left anterior descending artery, measurements of great 
cardiac vein flow (GCVF) were obtained by the ther- 
modilution technique—during 2 further hyperventila- 
tion tests—before and after the administration of felodi- 
pine. A multithermistor catheter was introduced in the 
coronary sinus and advanced until the distal thermistor 
was well within the great cardiac vein. Room tempera- 
ture normal saline solution was injected at the rate of 55 
ml/min and blood flow from the great cardiac vein was 
computed by the formula: GCVF = F1 X 1.08 X (TB 
— TI)/(TB — TMGCVF) — 1, where F1 is the volume 
flow of indicator per minute; 1.08 is the constant of nor- 
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TABLE I Clinical and Angiographic Characteristics of Men 
Showing Hyperventilation-Induced ST-Segment Depression 
During Overbreathing (Group D or During Recovery (Group I!) 


Group Il 
(n= 12) 


Group | 
(n= 15) 















Mean age (years) 


Cigarette smoking 6 8 
Previous AMI 5 3 
Duration of angina (mos.) 6+5 847 
Type of angina 
Rest 2 6 
Effort 6 2 
Rest and effort 7 4 


No. of narrowed coronary arteries 






Ejection fraction (%) 


AMI = acute myocardial infarction. 


mal saline solution; and TB, TI and TMGCVF are the 
temperatures of blood, indicator, and mixture of blood 
and indicator in the great cardiac vein, respectively. 
Mean arterial pressure (MAP) was continuously mea- 
sured. An index of arterial regional coronary resistance 
(ARCR) was calculated according to the formula: 
ARCR = MAP/GCVF. Following the standard proto- 
col, hyperventilation tests were carried out under con- 
trol conditions and repeated 10 minutes after intrave- 
nous administration of 1.25 mg of felodipine. The elec- 
trocardiographic parameters were recorded as described 
before. GCVF measurements were obtained at rest and 
at the onset of ischemia. When the hyperventilation test 
was performed after felodipine, the measurement was 
obtained at the same time at which ischemia occurred 
during the control study. 

Statistical analysis: The Yates corrected chi-square 
test was used to compare all the baseline characteristics 
of the 2 groups. Continuous data are presented as mean 
+ standard deviation and the statistical analysis was 
performed by Student ¢ test for paired and unpaired 
data, as appropriate. A p value <0.05 was considered 
statistically significant. 


RESULTS 

Patient characteristics: Patient characteristics, in- 
cluding age, smoking habits, duration and type of angi- 
na and the presence of prior myocardial infarction, were 
similar in groups I and II. The 2 groups were also simi- 
lar with respect to the extent of coronary artery disease 
and ejection fraction (Table I). 

Hyperventilation test after the administration of 
placebo and felodipine: GROUP |: The results were com- 
puted on 14 patients; 1 patient was withdrawn because 
of a prolonged episode of angina at rest during the pla- 
cebo period. Study termination was then required and 
antianginal therapy was immediately started. After pla- 
cebo administration, the hyperventilation test induced 
ST-segment depression during overbreathing in all 14 
patients and was accompanied by chest pain in 10. The 
onset of ST-segment depression occurred after 172 + 93 
seconds of overbreathing and the mean duration of the 
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electrocardiographic changes was 200 + 84 seconds. 
The electrocardiographic changes, similar to those ob- 
tained during the run-in test, involved anterior leads in 
10 patients and inferolateral leads in 4. Hyperventila- 
tion-induced ischemic attacks subsided spontaneously in 
all patients. The rate pressure product increased from a 
baseline value of 112 + 31 to 168 + 55 mm Hg X 
beats/min/100 at the onset of ST-segment depression 
(p <0.01), with a peak value of 170 + 50 mm Hg 
beats/min/100 at the end of overbreathing (p <0.01). 

After felodipine administration, 13 out of the 14 pa- 
tients continued to have a positive response to the hy- 
perventilation test during overbreathing, and the elec- 
trocardiographic changes were accompanied by anginal 
pain in 11 patients. The onset of ST-segment depression 
occurred after 161 + 83 seconds of overbreathing, in- 
volving the same leads as during the run-in period test, 
and the mean duration of electrocardiographic changes 
was 168 + 79 seconds. The rate pressure product in- 
creased from a baseline value of 107 + 24 to 158 + 46 
mm Hg X beats/min/100 at the onset of electrocardio- 
graphic changes (p <0.01), with a peak value of 160 + 
40 mm Hg X beats/min/100 at the end of overbreath- 
ing (p <0.01). No significant differences in rate pres- 
sure product values were observed between the hyper- 
ventilation tests performed after either placebo or felo- 
dipine administration. The mean plasma concentration 
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of felodipine was 17.3 + 12.2 nmol/liter. No adverse 
effects were reported during the study. 

GROUP II: After placebo administration, hyperventila- 
tion induced ST-segment depression during the recovery 
phase in all 12 patients and the electrocardiographic 
changes (anterior leads in 9 patients, inferolateral leads 
in 3) were similar to those obtained during the run-in 
test, and were accompanied by anginal pain in 7 pa- 
tients. The onset of ST-segment depression was reached 
109 + 57 seconds after the end of overbreathing, and 
the mean duration of electrocardiographic changes was 
138 + 65 seconds. Hyperventilation-induced ischemic 
attacks subsided spontaneously in 9 patients, whereas 
they were relieved by the administration of nitroglycerin 
(0.3 mg sublingually) in 3 patients. The mean rate pres- 
sure product at baseline was 112 + 35 mm Hg X beats / 
min/100 and increased to 148 + 37 mm Hg X beats / 
min/100 (p <0.05) at the peak of overbreathing, where- 
as at the onset of electrocardiographic changes the 
mean rate pressure product was approaching baseline 
values (102 + 27 mm Hg X beats/min/100; difference 
not significant). After the administration of felodipine, 
none of the patients developed either chest pain or ST- 
segment changes during the hyperventilation test; the 
rate pressure product at baseline was 108 + 33 mm Hg 
X beats/min/100 and increased to 152 + 30 mm Hg X 
beats/min/100 at the peak of overbreathing (p <0.01). 


FELODIPINE 
2’Overbreathing 


FIGURE 1. Early ST-segment depression 
in a group I patient during overbreathing: 
Electrocardiographic (ECG), rate pressure 
product (RPP) and hemodynamic changes 
under control conditions and after 2 min- 
utes (2') of overbreathing during run-in 
(left) and after the intravenous administra- 
tion of 1.25 mg of felodipine (right). AP = 
arterial pressure tracings (numbers refer 
to mean arterial pressure); ARCR = ante- 


The mean felodipine plasma concentration was 14.6 + 
8.9 nmol/liter. No adverse effects were reported during 
the study. 

Great cardiac vein flow measurements: The effect 
of felodipine on coronary circulation was evaluated in 2 
patients (1 from each group) with an isolated left ante- 
rior descending artery stenosis. The group I patient 
(Figure 1), who developed ST-segment depression and 
chest pain early during overbreathing, showed an in- 
crease of GCVF from a baseline value of 30.5 to 42.4 
ml/min at the onset of ischemia. The coronary resis- 
tance of the area supplied by the stenotic left anterior 
artery decreased from 3.4 mm Hg/ ml/min at baseline 
to 2.66 mm Hg/ml/min at the onset of ST changes. 
After felodipine administration, the patient continued to 
show hyperventilation-induced ST-segment depression 
accompanied by anginal pain. GCVF at rest was consis- 
tently higher than control values (40.1 vs 30.5 ml/min), 
whereas the anterior coronary resistance was reduced 
(2.19 vs 3.4 mm Hg/ml/min). In comparison with val- 
ues before treatment, no significant differences in 
GCVF were observed at the onset of electrocardio- 
graphic changes or at the peak of overbreathing. The 
group II patient (Figure 2) who developed ST-segment 
depression during recovery also experienced angina at 
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the onset of electrocardiographic changes. GCVF de- 
creased from a baseline value of 62.3 to 44.2 ml/min at 
the onset of electrocardiographic changes, whereas cor- 
onary resistance of the area supplied by the stenotic left 
anterior descending artery was increased (from 1.87 to 
2.64 mm Hg/ml/min). The effects of felodipine admin- 
istered intravenously were assessed 10 minutes later. 
Baseline GCVF was consistently higher and anterior 
coronary resistance lower than values before treatment 
(74 vs 62.3 ml/min; 1.35 vs 1.87 mm Hg/ml/min). Hy- 
perventilation did not induce either angina or ST-seg- 
ment depression, and GCVF and anterior coronary re- 
sistance were not significantly modified. 


DISCUSSION 

Hyperventilation-induced ST-segment depression in 
patients with coronary artery disease: Although sub- 
jects without apparent heart disease may show pseu- 
doischemic electrocardiographic changes during hyper- 
ventilation,®° these false positive responses are different 
from those observed when the hyperventilation test is 
performed in patients with coronary artery disease.” ST- 
segment elevation is the classic electrocardiographic re- 
sponse when the hyperventilation test is performed in 
patients with variant angina. However, it has been re- 
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FIGURE 2. Late ST-segment depression in P: 
a group Il patient during recovery: Elec- PAIN 
trocardiographic (ECG), rate pressure 
product (RPP) and hemodynamic changes 
under control conditions and at the fourth LW, 


minute of recovery during run-in (left) and 
after the intravenous administration of 
1.25 mg of felodipine (right). Abbrevia- 


tions as in Figure 1. mmHg 117 
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ported that, in patients with coronary artery disease, hy- 
perventilation may induce ST-segment depression dur- 
ing either the overbreathing phase or the recovery phase 
of the test. Early ST-segment depression occurring dur- 
ing overbreathing is associated with an increase in OXy- 
gen demand, whereas that occurring later during the 
recovery phase is probably related to a primary reduc- 
tion in coronary blood flow.> The distinction between 
early and late electrocardiographic changes is usually 
feasible according to the time of onset of 1-mm ST- 
segment depression. In the present series, group I pa- 
tients developed unequivocal ischemic electrocardio- 
graphic changes during overbreathing, when the rate 
pressure product was significantly higher than during 
control conditions; on the other hand, group II patients 
did not develop ischemia when the rate pressure product 
was increased; but they did during the recovery phase, 
when the rate pressure product was approaching base- 
line values. Coronary hemodynamic data collected in 2 
representative patients directly support this hypothesis: 
the group I patient developed ischemia, notwithstanding 
an increased coronary blood flow and reduced coronary 
resistance, whereas the development of ischemia in the 
group II patient was associated with a reduction in cor- 
onary blood flow well below baseline values and with a 
corresponding increment in regional coronary resis- 
tance. 

Effects of felodipine on early and delayed hyperven- 
tilation-induced ischemia: The effects of felodipine on 
hyperventilation-induced electrocardiographic changes 
were dramatically different in the 2 groups of patients. 
Whereas early hyperventilation-induced ST-segment 
depression was essentially unaffected by the drug, de- 
layed ST-segment depression was totally prevented. 
This difference in response to the pharmacologic test 
may disclose the different pathogenetic mechanisms un- 
derlying hyperventilation-induced myocardial ischemia. 
Early ischemia occurred together with increments in 
oxygen demand, suggesting a reduced coronary reserve 
in patients showing this response to the test. The direct 
measurements of coronary blood flow performed during 
hyperventilation in 1 patient of group I did not show 
any increment in coronary resistance. Felodipine neither 
reduced the values of the determinants of myocardial 
oxygen consumption nor increased blood supply during 
overbreathing; consequently, the electrocardiographic 
response to hyperventilation remained essentially un- 
changed. On the other hand, delayed ischemia occurred 
without increments of myocardial oxygen consumption 
in patients of group II, and the direct measurements of 
coronary blood flow during hyperventilation performed 
in 1 patient showed that ischemia occurred together 
with an increase in coronary resistance. Felodipine pre- 
vented electrocardiographic changes by inhibiting the 
hyperventilation-induced coronary vasoconstriction. 

The coronary dilating activity of felodipine has been 
shown in patients with coronary artery disease!!! and 


_ its efficacy in preventing coronary spasm has been dem- 
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onstrated in variant angina.® The present study confirms 
that felodipine induces coronary vasodilation and pre- 
vents abnormal coronary vasoconstriction. The efficacy 
of a vasoselective calcium antagonist in inhibiting de- 
layed hyperventilation-induced myocardial ischemia is a 
further indirect proof that the pathogenetic mechanism 
behind this ischemic pattern is a primary reduction of 
coronary blood flow. However, the lack of activity of 
felodipine in conditions of increased oxygen demand is 
puzzling in the light of the positive results obtained with 
this drug during exercise testing.'2:!3 This apparent dis- 
crepancy may be partly explained by the differing effi- 
cacy of calcium antagonists in demand-related ischemia 
depending on the contribution of coronary vasomotion 
to the reduction in coronary reserve 13 Our data suggest 
that patients with a positive response to hyperventilation 
during overbreathing have a reduced coronary reserve 
that is not susceptible to pharmacologic manipulation 
with a dihydropyridine calcium antagonist. Similar re- 
sults have been obtained with nifedipine, which has also 
been shown to be ineffective in preventing early hyper- 
ventilation-induced ischemia, whereas propranolol, a 
drug that reduces oxygen demand, totally prevents this 
ischemic pattern.° 
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Long-Term Prognosis of Myocardial Ischemia 
Detected by Holter Monitoring in 
Peripheral Vascular Disease 
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Joan Barry, BA, Mark A. Creager, MD, and Andrew P. Selwyn, MD 





To assess the long-term prognostic significance of 
myocardial ischemia, as measured by ambulatory 
electrocardiographic monitoring, in patients with 
occlusive peripheral arterial disease, 176 eligible 
patients scheduled for elective peripheral arterial 
surgery at Brigham and Women’s Hospital were 
prospectively studied. All patients were monitored 
preoperatively without alterations to baseline medi- 
cations. Prospective follow-up was obtained during 
routine medical care as provided by blinded, inde- 
pendent physicians and by subsequent telephone 
contact with the patients. Thirty-two patients 
(18%) had a total of 75 episodes of myocardial 
ischemia, 73 (97%) of which were asymptomatic. 
During a mean follow-up period of 615 days, there 
were 9 cardiac deaths, 1 occurring in-hospital after 
peripheral vascular surgery, and 13 nonfatal myo- 
cardial infarctions, 4 occurring in-hospital after pe- 
ripheral vascular surgery. Cardiac events occurred 
in 12 of 32 patients with ischemia (38%), including 
6 cardiac deaths, and in 10 of 144 patients without 
ischemia (7%), including 3 cardiac deaths (risk ra- 
tio 5.4, 95% confidence interval 2.6 to 11.4). The 
sensitivity of ischemia was 55%, the specificity 
was 87%, the positive predictive value was 38%, 
and the negative predictive value was 93%. Ina 
multivariate Cox proportional-hazards model con- 
trolling for age, gender, coronary risk factors, his- 
tory of angina, myocardial infarction, coronary ar- 
tery disease and antianginal medications, the pres- 
ence of ischemia was the only independent 
predictor of outcome. In patients with peripheral 
arterial disease, who often are unable to perform 
adequate exercise testing, ambulatory monitoring 
for myocardial ischemia is a significant independent 
predictor of 1- to 2-year prognosis. 
(Am J Cardiol 1990;66:1309-1313) 
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ies have shown a strong correlation between ST de- 

pression detected by ambulatory monitoring and 
other markers of myocardial ischemia, such as treadmill 
exercise testing, thallium and radionuclide imaging, and 
coronary angiography.'* In addition, several studies 
have demonstrated that ischemia detected by ambulato- 
ry monitoring provides an independent, incremental 
contribution to prognosis in patients with stable and un- 
stable angina pectoris,°~’ in patients with prior myocar- 
dial infarction! and in a cohort of asymptomatic elder 
ly men.’ 

Most previous prognostic studies involving ambula- 
tory monitoring for ischemia have concentrated on pa- 
tients who underwent treadmill exercise testing. One of 
the insights gained from ambulatory monitoring trials, 
however, is that ischemia occurs at cardiac rates far be- 
low those achieved during exercise.”? This observation 
makes ambulatory monitoring a reasonable alternative 
in patients with peripheral arterial disease, because such 
patients are at increased cardiac risk but are unable to 
perform standard exercise tests.'°!! 

We recently showed that preoperative myocardial 
ischemia detected by ambulatory monitoring provided 
independent, incremental information toward predicting 
in-hospital postoperative cardiac events in patients un- 
dergoing peripheral arterial surgery.'! We have now fol- 
lowed this cohort of patients for a mean of 615 days to 
determine if preoperative ischemia also predicts late ad- 
verse cardiac outcome in the same population. 


|: patients with coronary artery disease, multiple stud- 


METHODS 

Patient selection: As reported previously,'' we 
screened 274 patients who were scheduled to undergo 
carotid, aortic/renal or femoral arterial surgery be- 
tween September 1987 and July 1988, and, of these, 
176 had electrocardiograms suitable for monitoring, 
were not operated on emergently and gave informed 
consent. A detailed history and physical examination 
was recorded by 1 of the investigators, and all patients 
were assigned to a cardiac risk index class.'* In addi- 
tion, all patients were evaluated preoperatively by inde- 
pendent cardiologists and judged able to undergo elec- 
tive surgery. Exercise treadmill tests were performed at 
the discretion of the evaluating cardiologist, whenever 
the patient’s physical state allowed for adequate exer- 
cise. In all, only 23 patients attempted exercise tests; 3 
patients had positive test results, and 20 had negative 
test results; only 3 of these 20 achieved 85% of their 
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Cardiac Event 


Death 

Death 

Death (sudden) 
Death 

Death (sudden)* 
Death 

Death (sudden) 
Death 

Death 


1 
2 
3 
4 
5 
6 
7 
8 
9 


MI (asymptomatic) 
MI (asymptomatic) 
MI 
MI 
MI (asymptomatic) 
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* Patient also had an asymptomatic MI in-hospital on postoperative day 2. 
MI = myocardial infarction; + = yes; 0 = no. 


target heart rate. Of the 153 patients who were not ex- 
ercised, 86 (56%) had symptomatic claudication at low 
exercise levels, or had amputations. 

Ambulatory monitoring: As previously reported,!! 
all patients wore a calibrated, Oxford Medilog frequen- 
cy-modulated recorder (Clearwater, Florida) with 2 bi- 
polar leads attached to exploring electrodes, for 24 to 48 
hours before elective vascular surgery. Chest electrodes 
were placed to detect signals from an inferior and a lat- 
eral lead. For convenience only, 81% of patients were 
monitored as in-patients, and 91% were monitored with- 


Preoperative 
Ischemia 
Present 


Days After 


In-Hospital Monitoring 
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in 48 hours of elective surgery. Baseline medications 
were not changed. Two patients who had excessive mon- 
itor signal noise precluding tape interpretation were ex- 
cluded. A structured diary was used to record symptoms 
and times. 

Tapes were analyzed using a technician-interactive 
Cardiodata Mark IV computer (Northborough, Massa- 
chusetts), with manual confirmation by a physician 
blinded to computer reading and patients’ clinical 
data. Discordance between reader and computer was re- 
viewed manually by a third blinded reader and resolved 


TABLE II Univariate Correlates of Cardiac Events (Death or Infarction) 


Event (%) 


Present (n = 22) 


Age > 69 years 
Male sex 
Cigarette smoker 
History of systemic 
hypertension 
Cholesterol (> 240 mg/dl) 
Family history 
of CAD 
Diabetes mellitus 
22 cardiac risk 
factors 
Prior angina 
History of MI 
History of CAD 
Antianginal medications 
Ambulatory ischemia 


10 (45) 
16 (73) 
22 (100) 
15 (68) 


11 (50) 
3 (14) 


6 (27) 
20 (91) 


9(41) 
7 (32) 
13 (59) 
10 (45) 
12 (55) 


Significance Level 


Absent (n = 154) Univariate Multivariate 


56 (36) 
108 (70) 
142 (92) 

80 (52) 


75 (49) 
32 (21) 


30 (19) 
125 (81) 


39 (25) 
41 (27) 
57 (37) 
59 (38) 
20 (13) 


* Prior myocardial infarction, positive exercise test, coronary artery surgery, angina pectoris or CAD documented by angiography. 


CAD = coronary artery disease; MI = myocardial infarction; NS = not significant. 
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¢ FIGURE 1. Kaplan-Meier curves demonstrating the freedom 





by consensus. Episodes of ST-segment depression that 
met the following criteria were printed: planar or down- 
sloping ST depression or 21 mm (compared with base- 
line) persisting 0.06 second beyond the J point, and per- 
sisting in consecutive beats for >60 seconds. The dura- 
tion of an episode was defined as the number of minutes 
of zl mm ST depression. A separate episode was re- 
corded when the electrocardiogram returned to baseline 
for at least 3 minutes. 

Follow-up: Patients were followed to hospital dis- 
charge by independent cardiologists blinded to monitor 
results. Subsequently, patients or their primary physi- 
cians of record, or both, were contacted by telephone 
between December 1989 and January 1990. Informa- 
tion obtained included occurrence of death, myocardial 
infarction or any hospitalization since elective vascular 
surgery. All hospitalizations were investigated by ob- 
taining admission diagnoses, procedures and discharge 
diagnoses from the hospital record. Follow-up electro- 
cardiograms at 26 months after discharge from elective 
vascular surgery were obtained, if available. In all, 49 
patients had such follow-up electrocardiograms, and 
1 demonstrated an unsuspected myocardial infarction. 
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from cardiac death over time in patients with and without 
myocardial ischemia detected by ambulatory monitoring. 
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FIGURE 2. Kaplan-Meier curves demonstrating the freedom 
from cardiac death or myocardial infarction over time in pa- 
tients with and without myocardial ischemia detected by am- 
bulatory monitoring. 








Etiology of death was verified as follows: (1) in patients 
who died in-hospital, records were obtained, including 
admission diagnosis, discharge diagnosis and death cer- 
tificate diagnosis; where cause of death was not clear, 
the medical record was reviewed by an expert observer 
blinded to monitoring results, and a decision was made 
on clinical grounds; and (2), in 1 patient who died out- 
of-hospital, the cause of death was confirmed by obtain- 
ing the death certificate diagnosis from the Bureau of 
Vital Statistics. Primary study end points included 
sudden and nonsudden cardiac death as defined by the 
Framingham criteria,'* and nonfatal myocardial infarc- 
tion defined by: (1) unequivocal new Q waves >0.03 
second in duration, or (2) zl mm ST-segment depres- 
sion in at least 1 lead when accompanied by creatine 
kinase level >1.6 yumol-s'/liter, and MB fraction 
>5%.!! Secondary end points included noncardiac 
death, cerebrovascular accidents and coronary bypass 
surgery. Patients were coded for an end point only once, 
according to the following hierarchy: (1) cardiac death; 
(2) nonfatal myocardial infarction; (3) noncardiac 
death; (4) cerebrovascular accident; and (5) coronary 
bypass surgery. 

Data and statistical analysis: For the purpose of this 
study, patients were considered positive for myocardial 
ischemia if they had 21 episode of ST-segment depres- 
sion per 24 hours of monitoring. Adverse events consid- 
ered included cardiac death and nonfatal myocardial in- 
farction. Risk for an adverse event was assessed for 
patients with and without ischemia using univariate 
analysis and survival analysis. We controlled for poten- 
tial confounders by using the multivariate Cox propor- 
tional-hazards ` model 7 Variables considered for 
confounding included age, gender, history of cigarette 
smoking of 220 pack years, hypertension (defined as 
diastolic blood pressure 295 mm Hg or long-term an- 
tihypertensive therapy), hypercholesterolemia (serum 
cholesterol z 240 mg/dl or long-term therapy for hyper- 
cholesterolemia), positive family history (coronary ar- 
tery disease in parents or siblings manifesting before the 
age of 60), diabetes (fasting serum glucose of >150 
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FIGURE 3. Kaplan-Meier curves demonstrating the freedom 
from cardiac death or myocardial infarction occurring after 

hospital discharge in patients with and without ischemia de- 
tected by ambulatory monitoring. 
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mg/dl or long-term therapy for diabetes), a history of 
angina pectoris (chest pain considered by the evaluating 
cardiologist to be unequivocal for ischemia, with or 
without electrocardiographic evidence of ischemia), a 
history of myocardial infarction or a history of coronary 
artery disease (defined by prior myocardial infarction, 
positive exercise test results, coronary bypass surgery or 
angina pectoris) and antianginal medications. 

Study population: As previously described,!! there 
were 124 men and 52 women, 29 to 88 years of age 
(mean 66). Of 176 patients, 32 (18%) had myocardial 
ischemia detected by monitoring. These 32 patients had 
a total of 75 episodes (median 2 per patient, range 1 to 
9; 73 episodes [97%] were asymptomatic), lasting 1 to 
720 minutes, with an average duration of 36 minutes 
per episode and a median of 34 minutes per patient. 
Ischemia was more common in patients who were aged 
270 years or who had a history of hypertension, angina, 
myocardial infarction or coronary artery disease. Two 
of 3 patients who had positive exercise test results also 
had ischemia on monitoring. 


RESULTS 

Follow-up was achieved in 100% of patients. Follow- 
up time ranged from 1 to 850 days (mean 615, median 
657) in all patients and from 67 to 850 days among 
those who were still alive. One hundred fifty-eight pa- 
tients (90%) had follow-up interviews >1 year after 
monitoring, and 51 patients (29%) had follow-up >2 
years after monitoring. 

Adverse cardiac events: Adverse cardiac events 
were documented in 22 patients (Table I), including 9 
cardiac deaths, 3 of which were sudden and another of 
which occurred in-hospital after peripheral vascular sur- 
gery. Nonfatal myocardial infarctions were documented 
in 13 patients who were still alive at long-term follow- 
up, and in an additional patient who died suddenly (and 
thus was coded only for cardiac death). Of these 14 
myocardial infarctions, 4 were asymptomatic and diag- 
nosed in-hospital after peripheral vascular surgery, in- 
cluding 1 that was diagnosed by this study’s follow-up 
electrocardiogram but, in retrospect, occurred in-hospi- 
tal on postoperative day 46 after 2 unrelated operations. 
Of the 9 patients who had unstable angina or ischemic 
pulmonary edema without myocardial infarction post- 
operatively while in the hospital,'! 3 subsequently died 
because of cardiac failure, and 2 others had subsequent 
nonfatal myocardial infarctions. Of the patients who did 
not die from cardiac disease or myocardial infarctions, 9 
died for noncardiac reasons, 1 had a cerebrovascular ac- 
cident, and 3 had coronary artery bypass surgery. 

Correlates of cardiac events: Death or infarction 
was more likely to occur in patients with histories of 
coronary artery disease (Table II). Of the 3 patients 
who had positive exercise test results, none died or had 
infarctions. 

Myocardial ischemia detected by ambulatory moni- 
toring was a significant univariate correlate of cardiac 
death (Figure 1) and the combined end point of cardiac 
death or nonfatal myocardial infarction (Figure 2). Of 
the 32 patients with ischemia, 6 died for cardiac reasons 
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(including 3 suddenly) and 6 others had myocardial in- 
farctions (including 2 without symptoms, Table I). In 
contrast, of the 144 patients without ischemia, 3 had 
cardiac deaths and 7 others had myocardial infarctions 
(Tables I and II, p <0.0001). None of the patients who 
had cerebrovascular accidents or underwent coronary 
bypass surgery without cardiac death or infarction and 
2 of the 9 patients who had a noncardiac death had 
myocardial ischemia detected by ambulatory monitor- 
ing. After all confounding variables were controlled for 
by Cox proportional hazards analysis, myocardial isch- 
emia remained an independent predictor of cardiac 
death or myocardial infarction (Table II, p <0.0001). 
The occurrence of unstable angina or ischemic pulmo- 
nary edema in-hospital was a univariate and multivari- 
ate correlate of subsequent cardiac death and infarction 
after discharge (univariate risk ratio 5.5, 95% confi- 
dence interval 2.6 to 11.4), and ischemia was present in 
8 of 9 such patients. Ischemia on preoperative monitor- 
ing (p <0.04) and a history of myocardial infarction (p 
<0.07) were multivariate correlates when only cardiac 
deaths or nonfatal myocardial infarctions occurring af- 
ter hospital discharge were considered (univariate risk 
ratio for ischemia 4.1, 95% confidence interval 1.7 to 
9.9, Figure 3). In predicting adverse cardiac outcome, 
the sensitivity of myocardial ischemia was 55%, the 
specificity was 87%, the positive predictive value was 
38%, and the negative predictive value was 93%. 


DISCUSSION 

Our previous study demonstrated that, in a cohort of 
patients who presented with peripheral arterial disease 
for elective surgery, the presence of myocardial isch- 
emia as detected by preoperative ambulatory monitor- 
ing added independent, incremental information toward 
predicting postoperative cardiac events, including death, 
myocardial infarction and myocardial ischemia as man- 
ifested by unstable angina or ischemic pulmonary ede- 
ma.'' The study excluded 98 patients who did not meet 
entry criteria, and these patients experienced a similar 
rate of postoperative cardiac events. In addition, the in- 
cidence of postoperative events was similar to that re- 
ported in other trials, suggesting no selection bias.'! One 
limitation of our previous report was that relatively few 
patients had cardiac death or myocardial infarction dur- 
ing the postoperative period, and the majority of events 
were unstable angina or ischemic pulmonary edema. In 
the current report, additional data have demonstrated 
that, when the same population is followed over a longer 
period, preoperative myocardial ischemia continues to 
be an independent predictor of cardiac death and myo- 
cardial infarction. In addition, when the 9 patients who 
experienced postoperative unstable angina or ischemic 
pulmonary edema were followed for 61 to 815 days, 3 
subsequently had cardiac deaths and 2 others had non- 
fatal myocardial infarctions. One other patient who ex- 
perienced a postoperative myocardial infarction later 
died suddenly. While it is clear that patients who expe- 
rienced postoperative cardiac events are at high risk for 
cardiac death and myocardial infarction on longer fol- 
low-up, preoperative myocardial ischemia on monitor- 
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ing is also an independent correlate of risk in those who 
did not experience postoperative events (Figure 3). 

Our findings are consistent with those reported in 
preliminary long-term follow-up studies of patients with 
stable angina and positive exercise tests,*ć in patients 
with a history of myocardial infarction? and in a cohort 
of asymptomatic elderly men. Our study is unique in 
that half of our patients had symptomatic lower extrem- 
ity disease, precluding the possibility of treadmill exer- 
cise testing. Only 6 of the 23 patients who did perform 
exercise tests had positive tests or reached 85% of their 
target heart rate. The remaining patients without lower 
extremity disease were not exercised either because of 
other underlying disabilities (e.g., previous cerebrovas- 
cular accident, degenerative joint disease) or because 
their risk for cardiac events was felt to be sufficiently 
low by the evaluating cardiologist. Hence, it appears 
that for the majority of the patients studied, treadmill 
exercise testing was not an acceptable alternative for 
assessing risk. 

Analysis of our data showed that in a multivariate 
proportional-hazards model, symptoms of angina pecto- 
ris (in 48 patients, 27%) and a history of coronary ar- 
tery disease (in 70 patients, 40%) were not predictive 
factors of adverse cardiac events. This is not surprising, 
because most of our patients were sedentary and hence 
their symptoms may not be an accurate reflection of the 
activity of their disease. Interestingly, a significant pro- 
portion of all events preceded by ischemia detected by 
ambulatory monitoring (3 of 5 deaths and 3 of 6 myo- 
cardial infarctions) came with no warning symptoms, 
suggesting that ambulatory monitoring was the only 
predictor of events in these patients. Because follow-up 
electrocardiograms were available in only 49 patients, it 
is possible that the incidence of asymptomatic myocar- 
dial infarctions may be even higher in this population. 
However, because the physicians who cared for the pa- 
tients were blinded to monitor results and because only 
1 of these 49 patients had an unexpected infarction, it is 
unlikely that the lack of follow-up electrocardiograms in 
the other patients made our results biased. 

Finally, the absence of myocardial ischemia during 
ambulatory monitoring conferred a relatively low risk 









(4% at 1 year by life-table analysis) for future adverse 
events, regardless of a history of coronary artery disease 
or angina. This observation suggests that patients who 
have peripheral arterial disease and who do not have 
myocardial ischemia during ambulatory monitoring do 
not require additional routine screening tests. Of course, 
our data should not be used to argue against additional 
testing that would be warranted by cardiac symptoms. 
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Usefulness of Tomographic Thallium-201 
Imaging for Detection of Restenosis 
After Percutaneous Transluminal 
Coronary Angioplasty 


Harvey S. Hecht, MD, Richard E. Shaw, PhD, Thomas R. Bruce, MD, Colman Ryan, MD, 
Simon H. Stertzer, MD, and Richard K. Myler, MD 


The role of tomographic thallium-201 exercise and 


redistribution imaging in the detection of restenosis 
after percutaneous transluminal coronary angio- 
plasty (PTCA) was evaluated in 116 patients: 61 
(53%) with 1- and 55 (47%) with multivessel 
PTCA, with a total of 185 dilated vessels. Complete 
revascularization was performed in 89 (77%) and 
partial revascularization in 27 (23%) of the pa- 
tients. Restenosis was angiographically demon- 
strated in 69 (60%) of the patients and 85 (46%) 
of the vessels 6.4 + 3.1 months after PTCA. Dis- 
ease progression in previously normal vessels was 
noted in 11 patients. The results were: (1) for de- 
tection of restenosis in the group of patients, sin- 
gle-photon emission computed tomographic 
(SPECT) versus exercise electrocardiographic sen- 
sitivity was 93 vs 52% (p <0.001), specificity 77 
vs 64%, and accuracy 86 vs 57% (p <0.001). The 
results were similar in the complete and partial re- 
vascularization groups. (2) SPECT was 86% sensi- 
tive, specific and accurate for restenosis detection 
in specific vessels with comparable results for 1- 
versus multivessel PTCA and complete versus par- 
tial revascularization. Sensitivity, specificity and 
accuracy were: 89, 95 and 92% for the left anteri- 
or descending coronary artery; 88, 79 and 82% for 
the right coronary artery; and 76, 83 and 85% for 
the left circumflex coronary artery. Eighty-one per- 
cent of the diseased nondilated vessels were cor- 
rectly identified. (3) Disease progression to >50% 
stenosis was detected with 91% sensitivity, 84% 
specificity and 85% accuracy. SPECT thallium-201 
imaging is an excellent tool for the detection of re- 
stenosis and disease progression after PTCA in the 
settings of 1- and multivessel angioplasty and com- 
plete and partial revascularization. 

(Am J Cardiol 1990;66:1314-1318) 
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he evaluation of the patient after percutaneous 
transluminal coronary angioplasty (PTCA) has 


become increasingly complex. With the prolifer- 
ation of angioplasty into multivessel!2 and other sub- 
groups,** with higher rates of restenosis (40 to 50%) 
than the 20 to 35% rate, reported in the early era of 
angioplasty,>* there has been, and will continue to be, 
an increase in the number of patients with recurrent 
myocardial ischemia after PTCA. In addition, partial 
revascularization is increasingly being viewed as a logi- 
cal approach, "7 especially in elderly and high-risk pa- 
tients, inevitably leaving some potential source of isch- 
emia irrespective of restenosis. Moreover, the increasing 
number of patients who undergo serial angiographic 
evaluation will undoubtedly identify a previously under- 
appreciated subset of patients who develop disease pro- 
gression in vessels that were not significantly narrowed 
at the time of PTCA. The ability to detect restenosis 
accurately by noninvasive techniques and to differenti- 
ate it from and identify other sources of myocardial 
ischemia would greatly assist in the management of the 
patient after PTCA. In this study we evaluate the abili- 
ty of single-photon emission computed tomographic 
(SPECT) thallium-201 exercise and redistribution im- 
aging to accomplish these goals. 


METHODS 

The study group consisted of 116 consecutive pa- 
tients referred for evaluation of possible restenosis who 
underwent SPECT imaging within a 1-week period be- 
fore coronary angiography. The indication for angio- 
graphic reevaluation in 65% of the patient population 
was recurrent chest pain. The remainder were evaluated 
because of unusually complex angioplasty or positive ex- 
ercise electrocardiographic or thallium-201 studies. 

Exercise protocol and imaging procedure: Al pa- 
tients underwent standard Bruce protocol exercise test- 
ing to a symptom-limited maximum.!! Standard 12- 
lead tracings were considered positive if there was 21 
mm of horizontal or downsloping ST depression for 
=0.08 second after the J point compared with the rest- 
ing tracing. Five patients had baseline abnormalities 
that precluded analysis of further ST-segment changes 
with exercise and were excluded from analysis of elec- 
trocardiographic restenosis detection. Three millicuries 
of thallium-201 were injected 1 minute before the ter- 
mination of exercise. SPECT images were obtained 10 
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Age (yr) 58+9 


Gender m/f (%) 93/23 (80/20) 
Prior myocardial infarction (%) 49 (42) 
Diabetes mellitus (%) 9 (8) 
Antianginal drugs (%) 106 (91) 
Calcium antagonists 97 (84) 
Nitrates 58 (50) 
B blockers 9 (8) 
Chest pain before PTCA (%) 75 (65) 
Chest pain after PTCA (%) 103 (89) 
Mos after PTCA 6.443.1 


PTCA = percutaneous transluminal coronary angioplasty. 


TABLE IlI Exercise Performance 


Exercise duration (minutes) 

Maximum heart rate (beats /min) 

Maximum blood pressure (mm Hg) 

Achieved >85% of predicted 
maximal heart rate (%) 


Chest pain during exercise test (%) 
Total patients 
Patients with restenosis 
Patients with restenosis 
or partial revascularization 
or progression, or acom- 
bination of these 





minutes after isotope injection, 3 to 3 hours later, and, 
when indicated, 24 hours later, on a Siemens Orbiter 
large field-of-view tomographic camera interfaced with 
a Medical Data Systems A? computer. We processed 
data using a previously described protocol.'* Tomo- 
grams were reoriented in the short-axis, vertical long- 
axis and horizontal long-axis planes, reconstructed at 1 
pixel/slice, representing approximately 6.2-mm thick- 
ness and divided into multiple segments for analysis. 
Qualitative analysis of each segment of the exercise and 
redistribution views was performed on a 0 to 4 scale (0 
= normal, 1 = equivocally reduced thallium uptake, 2 
= mildly reduced uptake, 3 = moderately reduced up- 
take, and 4 = severely reduced uptake) by 2 indepen- 
dent observers. Scores of 22 were considered abnormal 
and differences of opinion were resolved by consensus. 

Quantitative analysis'? was performed and was used 
as an adjunct for visual analysis but final decisions were 
based on the visual evaluation. Myocardial ischemia 
was categorized as either total or partial normalization 
of a segment from exercise to redistribution imaging 
with a minimal improvement of 1 point on the visual 
scale. 

Coronary arteriography: All patients underwent se- 
lective coronary arteriography within the week after the 
SPECT exercise imaging. Selective left and right coro- 
nary arteriograms were obtained with either the Judkins 
or Sones approach. Restenosis was defined as return of 
a previously dilated vessel to a 250% diameter reduc- 


' tion, determined by magnified electronic caliper mea- 


surements. 

Image correlations: The SPECT image regions were 
assigned to the distribution of individual vessels guided 
by the coronary anatomy obtained from the angiogram 
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One-vessel PTCA (%) 61 (53) 
Two-vessel PTCA (%) 40 (34) 
Three-vessel PTCA (%) 15 (13) 
Total vessels dilated 185 

Left anterior descending 83 

Right coronary 62 

Left circumflex 40 
Patients with restenosis (%) 70 (60) 
Vessels with restenosis (%) 

Total 85 (46) 

Left anterior descending 44 (53) 

Right coronary 24 (39) 

Left circumflex 17 (43) 
Diameter reduction (%) 

Immediately before PTCA 78+14 

Immediately after PTCA 22+6 

Time of restudy 78413 





PTCA = percutaneous transluminal coronary angioplasty. 


recorded before the PTCA. Prediction of the absence or 
presence of restenosis was then made before angio- 
graphic reevaluation, based on the presence or absence 
of ischemic redistribution in the territory of the individ- 
ual vessels. Statistical analyses were performed using 
the Student ¢ test and chi-square analysis. 


RESULTS 

The characteristics of the patient population and ex- 
ercise performance are listed in Tables I and II. Almost 
all were receiving antianginal medications. Whereas 
103 (89%) of the patients experienced chest pain before 
angioplasty, only 75 (65%) were symptomatic at the 
time of restudy and only 30 (26%) experienced chest 
pain during the exercise test. 

Coronary arteriography (Table Ill): The patients 
were evenly divided between those undergoing 1- and 
multivessel PTCA. Eighty-nine patients were totally re- 
vascularized (i.e., all vessels with >50% stenosis were 
dilated), with a total of 150 vessels undergoing PTCA. 
In 27 patients, only partial revascularization was ac- 
complished, with a total of 35 vessels undergoing 
PTCA; 31 vessels, including 16 old total occlusions, 
were not dilated. 

At the time of restudy, 70 (60%) of the patients had 
>1 vessel with restenosis. Of the total 185 vessels, reste- 
nosis occurred in 85 (46%). There were no differences in 
the restenosis rates in the 3 coronary arteries. In those 
vessels in which restenosis occurred, the percent narrow- 
ing at the time of restudy was virtually identical to that 
immediately before PTCA. 

Development of significant disease in vessels that 
had <50% narrowing at the time of the angioplasty was 
noted in 11 patients, 9 of whom had no associated reste- 
nosis of the dilated vessels. Of the 139 vessels with 
<50% stenosis at the time of PTCA, significant progres- 
sion did not occur in 128, whereas 11 progressed from a 
mean of 14 + 7% to 76 + 11% stenosis over an interval 
of 7.3 + 3.8 months. 

Exercise electrocardiography and SPECT imaging: 
Table IV compares the detection of restenosis in pa- 
tients after PTCA by SPECT thallium-201 imaging 
and exercise electrocardiography. SPECT imaging was 
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TABLE IV Detection of Restenosis in Patients After 
Coronary Angioplasty: Single-Photon Emission Computed 
Tomographic Thallium-201 Imaging Versus Exercise 

Electrocardiography 













Sensitivity (%) Specificity(%) Accuracy (%) 








All patients (n = 116) 
SPECT 93° 77 86" 


















Exercise electro- 52 64 57 
cardiogram 
Complete revascularization (n = 89) 
SPECT 93° 76 87° 
Exercise electro- 52 64 57 
cardiogram 
Partial revascularization (n = 27) 
SPECT 93° 77 85° 
Exercise electro- 50 62 56 
cardiogram 





* p <0.001 versus exercise electrocardiogram. 
SPECT = single-photon emission computed tomography. 


significantly more sensitive and accurate than exercise 
electrocardiography in the total patient population. The 
specificities, although higher for SPECT imaging, were 
not statistically significantly different. Almost identical 
results were obtained in those patients undergoing com- 
plete and partial revascularization. Exercise electrocar- 
diography was positive in 54% of the patients with dis- 
ease progression. 

The evaluation of restenosis in individual vessels is 
listed in Table V. SPECT was 86% sensitive, 86% spe- 
cific and 86% accurate in the detection of restenosis in 
the 185 dilated vessels. There were no statistically sig- 
nificant differences in detection between those vessels in 





FIGURE 1. A 60-year-old man 6 months after proximal left 
anterior descending and distal obtuse marginal percutaneous 
transluminal coronary angioplasty. A, Short axis from apex to 
base (1 —- 7), revealing anterior, anteroseptal, inferoseptal 
and inferior ischemia. B, Horizontal long axis from superior to 

inferior (1 — 6), demonstrating anteroseptal, inferoseptal and 
apical ischemia. C, Vertical long axis from septal to lateral (1 
— 4), revealing anterior and anteroapical ischemia. Prediction: 
restenosis of left anterior descending coronary artery, patency 
of obtuse marginal. Angiography: 90% left anterior descend- 
ing stenosis, patency of obtuse marginal. 4 HR = 4 hours; 
STR = stress. 
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TABLE V Detection of Restenosis in Individual Vessels by 
SPECT Thallium-201 Imaging 


No. of 
Vessels 


Sensitivity Specificity Accuracy 
(%) (%) (%) 


Total 

One-vessel PTCA 

Multivessel PTCA 

Complete 
revascularization 

Partial 35 
revascularization 

Left amterior descending 83 

Right coronary 62 

Left circumflex 40 
* p <@05 left anterior descending versus right coronary. 


PTCA = percutaneous transluminal coronary angioplasty; SPECT = single-photon 
emission computed tomography. 





the 1- and multivessel subgroups. In those patients with 
multivessel restenosis, SPECT was 78% sensitive, de- 
tecting all restenoses in 6 of the 10 patients with 2-ves- 
sel restenosis and in the 1 patient with 3-vessel resteno- 
sis. 

There were no statistically significant differences in 
sensitivity, specificity and accuracy in the detection of 
restenosis of individual vessels between the partial and 
total revascularization subgroups. Moreover, SPECT 
imaging identified 81% of the diseased, nondilated ves- 
sels. The sensitivity and accuracy were similar for the 3 
major coronary arteries. The specificity for the left an- 





FIGURE 2. A 55-year-old man with totally occluded right cor- 
onary artery and prior 20% obtuse marginal stenosis, 3 
months after proximal left anterior descending percutaneous 
transluminal coronary angioplasty. A, Short axis from apex to 
base (1 — 6), revealing inferior and inferolateral ischemia. B, 
Horizontal long axis from superior to inferior (1 — 7), demon- 
strating inferolateral ischemia. C, Vertical long axis from sep- 
tal to lateral (1 — 3), demonstrating partially reversible inferi- 
or defect. Prediction: patency of left anterior descending coro- 
nary artery, disease progression in obtuse marginal, total 
right coronary artery occlusion. Angiography: patency of left 
anterior descending coronary artery, 80% obtuse marginal 
stenosis, 100% right coronary artery. Abbreviations as in Fig- 
ure 1. 


terior descending coronary artery was greater than for 
the right coronary artery but was not significantly dif- 
ferent from that for the left circumflex coronary artery. 

Disease progression in vessels with <50% stenosis at 
the time of the angioplasty was identified by SPECT 
imaging with a sensitivity of 91%, specificity of 84%, 
and accuracy of 85%. 

Figure 1 illustrates restenosis detection in the setting 
of multivessel PTCA and complete revascularization 
and Figure 2 illustrates restenosis detection in partial 
revascularization and disease progression. 


DISCUSSION 

In this study we demonstrate the usefulness of 
SPECT thallium-201 imaging in the evaluation of myo- 
cardial ischemia after PTCA. 

Chest pain and exercise testing: The 34% incidence 
of chest pain on the treadmill evaluation in the current 
study in patients with restenosis is similar to the 40% 
reported by Bengston et al'* in patients with restenosis 
and to the 25%!? and 30%!4 previously reported in pa- 
tients with coronary artery disease in general. While the 
high percentage of patients taking antianginal medica- 
tions at the time of exercise testing may have contrib- 
uted to the low incidence of angina, it clearly did not 
affect the sensitivity of SPECT imaging. Thus, exercise- 
induced angina is an insensitive marker for restenosis. 
The incidence of chest pain was not higher in patients 
with disease progression or partial revascularization 
plus restenosis despite the greater number of diseased 
vessels, again highlighting the lack of usefulness of exer- 
cise-induced chest pain as a marker for ischemia. 

Exercise electrocardiography: This study also con- 
firms the insensitivity of exercise electrocardiography in 
the detection of restenosis. The sensitivity of 52%, while 
higher than the 34%!4 and 24%! of prior reports, is far 
from acceptable as a diagnostic tool. It should be em- 
phasized that all patients underwent maximal exercise 
testing despite only 66% achieving 285% of the predict- 
ed maximal heart rate. While the high percentage of 
patients using antianginal medications may again be 
cited to explain the poor sensitivity, it was not a signifi- 
cant factor for SPECT imaging. Moreover, it may be 
neither safe nor realistic to discontinue medications in 
an attempt to improve sensitivity. 

The results for exercise electrocardiography were 
virtually identical in the partial and complete revascu- 
larization groups despite the expected higher incidence 
of positive studies in the partial revascularization group, 
which by definition had an additional potential source 
for myocardial ischemia (i.e., the nondilated vessel). In 
addition, the usefulness of exercise electrocardiography 
in the partial revascularization group is questionable be- 
cause a positive response may result from either resten- 
otic or nonrevascularized areas. Similarly, even in pa- 
tients with complete revascularization, a positive elec- 
trocardiographic response may be indicative of disease 
progression rather than restenosis. 

SPECT imaging: There are no prior reports of reste- 
nosis detection by either planar or SPECT thallium-201 
imaging, although prediction of future restenosis by pla- 


nar thallium imaging performed within the first month 
of PTCA has been evaluated.'®.!’ Exercise radionuclide 
ventriculography was noted to have an accuracy of 77% 
for restenosis detection in patients.'* However, this 
technique has not been found to be reliable in identify- 
ing disease in individual arteries. Moreover, an abnor- 
mal response would be expected in patients with partial 
revascularization independent of restenosis. 

SPECT thallium-201 imaging, by virtue of its ability 
to identify disease in individual vessels, is ideally suited 
for the evaluation of myocardial ischemia after PTCA, 
with results far superior to those for exercise electrocar- 
diography. We demonstrate its usefulness in detecting 
restenosis with comparable results after both 1- and 
multivessel PTCA and complete or partial revascular- 
ization in the current study. 

Prior studies have documented the detection of dis- 
ease in individual vessels and patients by SPECT thalli- 
um-201 imaging with visual or quantitative analysis, or 
both, in a general coronary artery disease population in 
patients who have not undergone PTCA.!?-2! For detec- 
tion of disease in groups of patients, sensitivities ranged 
from 87 to 97%, specificities from 68 to 87%, and accu- 
racies from 84 to 87%. These results are comparable to 
the 93% sensitivity, 77% specificity, and 86% accuracy 
in the current study in a PTCA setting, using visual 
SPECT analysis. For the localization of disease to spe- 
cific vessels, the 86% sensitivity, 86% specificity, and 
86% accuracy of this study are slightly superior to the 
prior reports in a non-PTCA setting. The most likely 
explanation for this superiority lies in the method of im- 
age correlation, whereby image regions were assigned to 
the distribution of individual vessels guided by the coro- 
nary anatomy obtained from the angiogram recorded 
before the angioplasty. Thus, the coronary dominance 
and exact distribution of all vessels were known at the 
time of the SPECT analysis, an advantage not shared 
by studies evaluating patients without prior angiogra- 
phy. 

Partial revascularization and disease progression: 
Whereas SPECT thallium-201 imaging has been used 
to evaluate residual ischemia within 1 month of 1-vessel 
PTCA in patients with multivessel disease,’ there are no 
prior reports concerning restenosis detection in patients 
who have undergone partial revascularization. The simi- 
lar results in the partial and complete revascularization 
groups provide a rational basis for the use of SPECT 
thallium-201 imaging in both settings. Inasmuch as 
there are no clinical or electrocardiographic criteria for 
the differentiation of myocardial ischemia resulting 
from a restenotic dilated vessel from that secondary to a 
diseased and nondilated artery, SPECT imaging may 
play a unique role in the partial revascularization group. 

Disease progression in previously normal nondilated 
arteries, described in angiographic evaluations??? but 
not previously evaluated by SPECT thallium-201 imag- 
ing, poses a similar problem by providing an alternative 
source of ischemia. SPECT imaging was equally reli- 
able in the identification of vessels affected by disease 
progression and restenosis and thus may be used to eval- 
uate both sources of ischemia. 
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Clinical implications: The increasing application of 
PTCA to subgroups with a 40 to 50% prevalence of re- 
stenosis provides the ideal setting for an accurate diag- 
nostic tool that can, by Bayes’ theorem,?4 yield the 
greatest change from pretest to posttest likelihood of re- 
stenosis. The high degree of accuracy reported in the 
current study presents evidence for the ability of 
SPECT thallium-201 imaging to fulfill this need. In ad- 
dition to identifying the patient with restenosis, SPECT 
imaging, by virtue of identifying the restenotic vessel 
and the amount of ischemic myocardium, may be used 
to assist in determining the need for angiographic re- 
evaluation. 

The comparably high accuracies in the numerous 
potential settings of angioplasty (i.e., 1- and multivessel, 
partial and complete revascularization and disease pro- 
gression), confer on SPECT imaging the prerequisite 
qualities for evaluating patients in an era of progressive- 
ly more complex PTCA. We therefore recommend that 
SPECT thallium-201 exercise and redistribution imag- 
ing become an integral part of the evaluation of myo- 
cardial ischemia in the period after PTCA. 
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Coronary Artery Disease in the Octogenarian: 
Angiographic Spectrum and Suitability for 
Revascularization 


Glen J. Kowalchuk, MD, Samuel C. Siu, MD, and Stanley M. Lewis, MD 


The angiographic findings of 84 consecutive octo- 
genarians presenting with symptoms of coronary 
artery disease (CAD) were examined to determine 
the extent of CAD as well as suitability for both 
coronary artery bypass grafting (CABG) and percu- 
taneous transluminal coronary angioplasty (PTCA). 
The frequency of 0-, 1-, 2-, and 3-vessel and left 
main CAD was 7, 14, 21, 57 and 13%, respective- 
ly. Based on angiographic criteria, 69 of 78 pa- 
tients (88%) with significant CAD had suitable cor- 
onary anatomy for CABG. Only 24 patients (31%) 
had coronary anatomy amenable to PTCA. CABG 
was performed in 19 patients with an operative 
mortality of 16% and major complication rate of 
37%. PTCA was performed in 12 patients with a 
clinical success rate of 83%, mortality of 8% and 
major complication rate of 8%. It is concluded that 
in octogenarians with CAD, cardiac catheterization 
will often reveal coronary anatomy that is suitable 
for CABG but less suitable for PTCA. The morbid- 
ity and mortality associated with these interven- 
tions are high. 

(Am J Cardiol 1990;66:1319-1323) 
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ge is an important determinant of the risk of 
A Ge coronary artery disease (CAD).'? 

Consequently, as the population ages, increasing 
numbers of elderly patients are presenting with symp- 
toms of angina and myocardial infarction. Frequently, 
these patients are referred for cardiac catheterization in 
an effort to identify coronary lesions that may be ame- 
nable to revascularization. Recent data have suggested 
that in the elderly coronary artery bypass grafting 
(CABG) may be associated with a higher morbidity 
and mortality than similar procedures performed in 
younger patients.” Octogenarians form a unique sub- 
group of the elderly in whom this risk may be even 
greater.5-!? With the expanded use of percutaneous 
transluminal coronary angioplasty (PTCA), revascular- 
ization may be performed more safely and effectively in 
older patients.!*:!4 The spectrum of CAD in octogenari- 
ans as well as the suitability for either CABG or PTCA 
remains to be determined. We therefore examined the 
angiographic findings as well as the feasibility and re- 
sults of revascularization in patients aged 280 years 
with symptoms of CAD referred for cardiac catheter- 
ization. 


METHODS 
We reviewed the catheterization reports of 119 con- 
secutive patients aged 280 years who underwent diag- 


nostic coronary arteriography at our institution between 


1983 and 1987. The study group consisted of 84 pa- 
tients who were referred for cardiac catheterization for 
symptoms of CAD. Patients were excluded if their pre- 
dominant symptom was thought to be secondary to val- 
vular heart disease or if they had previously undergone 
either CABG or PTCA. Presenting symptoms (New 
York Heart Association class) as well as medication his- 
tory, cardiac risk factor profile, and concomitant medi- 
cal illness were obtained by review of the patient’s medi- 
cal records and catheterization reports. 

Systemic hypertension was defined as a systolic 
blood pressure >160 mm Hg systolic or 95 mm Hg dia- 
stolic or a history of hypertension that was being treated 
with medication at the time of catheterization. Hyper- 
cholesterolemia was defined as a fasting serum choles- 
terol >260 mg/dl. Patients who were being treated with 
either diet, insulin or oral hypoglycemic agents were 
classified as having diabetes mellitus. Family history of 
premature CAD in first-degree blood relatives (before 
age 65) was noted as was history of current or previous 
cigarette usage. Renal insufficiency was defined as a se- 
rum creatinine >1.5 mg/dl on admission laboratory 
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Age (yrs) 
Age range (yrs) 
Gender 
Men 40 (48%) 
Women 44 (52%) 
Reason for catheterization 
Postinfarction angina 
Unstable angina 
Stable angina 
Other 
Associated medical conditions 
Chronic obstructive pulmonary disease 
Renal insufficiency 
Prior cerebral vascular events 
Peripheral vascular disease 
Prior myocardial infarction 


80-90 


33 (39%) 

23 (27%) 

25 (30%) 
3 (4%) 


3 (4%) 
4 (5%) 
12 (14%) 
6 (7%) 
45 (54%) 


evaluation. Patients with previous stroke, transient isch- 
emic attack or carotid endarterectomy were classified as 
having prior cerebral vascular events and those with in- 
termittent claudication, documented abdominal aortic 
aneurysm or previous peripheral vascular surgery were 
assumed to have peripheral vascular disease. History of 
chronic obstructive pulmonary disease was noted. 

Coronary arteriography was performed by either the 
Sones or Judkins technique. The degree of coronary lu- 
minal narrowing was determined visually and represents 
a consensus opinion of 2 experienced angiographers 
(GJK, SML). A significant stenosis was considered to 
be present if a 270% reduction in internal luminal di- 
ameter was presented in a major epicardial segment of 
the left anterior descending, left circumflex, or right 
coronary artery, or if 250% obstruction was present in 
the left main coronary artery. When multiple significant 
narrowings were present in the same artery, the narrow- 
ing of the greatest severity was said to account for that 
artery’s stenosis. 

Evaluation of the extent of CAD was performed by 
examining the number of major segments of the arterial 
tree determained to have a significant stenosis. In the 
presence of a right or balanced circulation, the segments 
considered were the left anterior descending, left cir- 
cumflex and right coronary arteries. In the case of a left 
dominant circulation, the 3 segments evaluated were the 
left anterior descending, the proximal left circumflex 
and its marginal system, and the distal left circumflex 
and its posterolateral branches. Left ventriculography 
was performed in the 30° right anterior oblique projec- 
tion with left ventricular ejection fraction being calcu- 
lated by the area-length method.'> The degree of mitral 
regurgitation was graded by visual estimation and was 
recorded on a scale of 1 to 4+. The severity of aortic 
stenosis was calculated by the Gorlin formula.'® Signifi- 
cant valvular disease was said to be present if the sever- 
ity of mitral regurgitation was >2+ or if the aortic 
valve area calculated to be <1.0 cm?. 

The suitability of patients for either CABG or 
PTCA was based only on angiographic findings and did 
not take into consideration concomitant medical disease. 
Consideration was given to the number, location and 
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morphology of significant coronary narrowings. Patients 
with a significant stenosis in the left main coronary ar- 
tery were not considered PTCA candidates as were pa- 
tients with diffuse narrowings, totally occluded arteries, 
narrowings involving major branch points of an artery, 
or narrewings located on significant bends in an artery. 
Those with multivessel CAD were considered as PTCA 
candidates if all lesions were amenable to balloon cathe- 
ter dilatation or if a culprit lesion could be identified 
based on clinical presentation, electrocardiographic 
findings and angiographic appearance of the vessel. Se- 
quential stenoses were not an exclusion criterion for an- 
gioplasty if each stenosis was judged suitable for dilata- 
tion. Based on the number of significant stenoses that 
were amenable to PTCA, patients were classified as be- 
ing angioplasty candidates with the potential for either 
complete or incomplete revascularization. 

Patients were considered candidates for CABG if 
each vessel with a significant stenosis was free of ath- 
erosclerotic disease in its distal portion and of adequate 
size in order to accept a bypass graft. Concurrent left 
ventricular dysfunction (ejection fraction <30%) was 
not considered an exclusion criterion for surgery; how- 
ever, patients with left ventricular dysfunction combined 
with significant valvular disease were considered ineligi- 
ble for CABG. Patients who were not candidates for 
either CABG or PTCA were grouped as medical treat- 
ment. Final disposition for each patient as well as out- 
come of revascularization procedures when performed 
was obtained by medical record review. 


RESULTS 

The presenting symptoms, clinical characteristics 
and concurrent medical conditions for the 84 patients 
are listed in Table I. The mean age was 82 years (range 
80 to 90). In most of the patients, cardiac catheteriza- 
tion was performed for postinfarction, unstable or se- 
vere angina. Two patients underwent catheterization for 
recurrent postmyocardial infarction pulmonary edema 
thought to be secondary to myocardial ischemia. One 
patient underwent arteriography as part of a preopera- 
tive assessment before aortic aneurysm resection after 
an anterior myocardial infarction. Eighty patients 
(95%) were receiving long-acting nitrates, 36 patients 
(43%) were being treated with 6 blockers, and 71 pa- 
tients (85%) were receiving calcium antagonists. Seven- 
ty-three patients (87%) were receiving combination 
antianginal therapy at the time of catheterization. 

Forty-five patients (53%) were hypertensive, 33 pa- 
tients (39%) were either current or prior cigarette smok- 
ers, 21 patients (25%) had diabetes mellitus, 14 patients 
(17%) reported a positive family history of premature 
CAD, and 6 patients (7%) were hypercholesterolemic. 
Examination of cardiac risk factor combinations was 
notable for 12 patients (14%) with no risk factors, 36 
patients (43%) with 1 cardiac risk factor, 26 patients 
(31%) with 2 risk factors, 9 patients (11%) with 3 risk 
factors, and 1 patient (1%) with 4 risk factors. No pa- 
tient had all 5 major cardiac risk factors. 

Six of the 84 patients (7%) who underwent catheter- 
ization were without significant CAD. Significant 1-ves- 
sel CAD was present in 12 patients (14%), 2-vessel 
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CAD in 18 patients (22%), and 3-vessel CAD in 48 
patients (57%). Significant narrowings in the left main 
coronary artery were present in 11 patients (13%). All 
patients with significant left main coronary stenoses also 
had concomitant right CAD and were therefore classi- 
fied as having 3-vessel CAD. Significant aortic stenosis 
was present in 2 patients and significant mitral regurgi- 
tation was present in 5 patients. All patients with signif- 
icant valvular disease also had significant CAD. Ven- 
triculography was performed in 53 patients. Mean ejec- 
tion fraction was 51% (range 22 to 81%). Eight patients 
(15%) had a left ventricular ejection fraction <30%, 20 
patients (38%) had an ejection fraction between 30 and 
49%, and in 25 patients (47%) the ejection fraction was 
> 50%. Five patients (6%) experienced complications re- 
sulting from cardiac catheterization (2 transient neuro- 
logic deficits, 1 acute renal failure, 1 peripheral vascular 
compromise and 1 procedural related death). 

Based on angiographic criteria, the suitability for 
CABG or PTCA was determined in the 78 patients 
with significant coronary obstructions (Table II). Sixty- 
nine patients (88%) were judged to have suitable anato- 
my for CABG, whereas only 24 patients (31%) were 
considered to have suitable anatomy for PTCA. Seven 
patients were judged not to have suitable anatomy for 
either CABG or PTCA. One additional patient was ex- 
cluded as a bypass candidate due to a combination of 
left ventricular dysfunction and severe mitral regurgita- 
tion. Of the 24 patients (31%) considered candidates for 
coronary angioplasty, 16 patients had the potential for 
complete revascularization by PTCA. The remaining 8 
patients were considered angioplasty candidates with 
the potential for incomplete revascularization. One pa- 
tient was considered to be a candidate for PTCA but 
not CABG because of a focal stenosis in a small cir- 
cumflex marginal branch. All other patients considered 
candidates for angioplasty were also considered CABG 
candidates. By angiographic criteria, a total of 70 pa- 
tients (90%) were considered candidates for revascular- 
ization by either CABG or PTCA. 

CABG or PTCA was performed in 31 of 70 patients 
(44%) whose coronary anatomy was judged suitable for 
















TABLE Ill Studies Examining Cardiac Surgery and Coronary 
Angioplasty in Octogenarians 


First No. of Morbidity Mortality 
Author Year Pts. Procedure (%) (%) 














Rich® 1985 CABG /valve / 92t 4 
both* 

Tsai? 1986 76  CABG/valve/both 29 13 

Naunheim!® 1987 23 CABG valvet 50 22 

Edmunds!! 1988 100 CABG/valve/ 28 29 
both /other* 


Kern?? 1988 21 PTCA 38 19 


* includes left ventricular aneurysmectomy, ventricular septal defect repair, left 
atrial tumor resection or ascending aortic aneurysm repair. 

t Postoperative arrhythmias included as morbidity. 

t One patient received CABG and ventricular septal defect repair. 

CABG = coronary artery bypass grafting; PTCA = percutaneous transluminal coro- 
nary angioplasty; Valve = mitral valve replacement or valvuloplasty, aortic valve 
replacement, or mitral replacement or valvuloplasty and aortic valve replacement. 





revascularization (Figure 1). Twelve of 24 angioplasty 
candidates underwent PTCA. Six of these patients had 
l-vessel, 2 patients had 2-vessel and 4 patients had 3- 
vessel CAD. Three patients with 3-vessel and 1 patient 
with 2-vessel CAD had complete revascularization by 
angioplasty. The remaining 8 patients had complete re- 
vascularization by PTCA. PTCA was attempted in 17 
narrowings in 15 arteries. Initial angiographic success 


(<50% residual stenosis after PTCA) was achieved in ` 


15 lesions attempted (88%). Initial clinical success (suc- 
cessful dilatation of all lesions attempted in each pa- 
tient) was achieved in 10 patients (83%). One patient 
died from cardiogenic shock after unsuccessful angio- 
plasty of a left anterior descending artery stenosis. One 
additional patient undergoing successful PTCA had a 
laceration of the femoral artery requiring surgical 
repair. 

Nineteen of 69 patients (28%) deemed bypass candi- 
dates underwent CABG. One patient with 1-vessel 
CAD and unstable angina underwent CABG and mi- 
tral valve replacement. Two patients with 2-vessel and 
16 patients with 3-vessel CAD underwent CABG in- 
cluding 4 patients with significant stenoses in the left 
main coronary artery. Three patients (16%) died after 
operation and 7 additional patients (37%) had major 


Significant CAD 


Not Candidates for 
Revascularization 


FIGURE 1. Potential treatment options, 
treatment received and discharge status 
the 78 octogenarians with significant cor- 
onary artery disease (CAD). CABG = cor- 
onary artery bypass grafting; PTCA = 
percutaneous transluminal coronary angi- 
oplasty. 


* Excludes 23 patients 
considered candidates 
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TABLE II Angiographic Suitability for Either CABG or PTCA 
for the 78 Patients with Significant Coronary Narrowings 


No. of 
Coronary 
Arteries 
Severely No.of Complete* Incomplete* CABG 
Narrowed Pts. Revascularization Revascularization Candidates 


12 11 (92%) — 

18 4 (22%) 4 (22%) 

37 1 (3%) 4 (11%) 
Leftmain 11 EM — 11 (100%) 


Total 78 16 (21%) 8 (10%) 69 (88%) 


* Complete and incomplete refer to the extent of revascularization potentially 
achievable with coronary angioplasty. | 

CABG = coronary artery bypass grafting; PTCA = percutaneous transluminal coro- 
nary angioplasty. 


PTCA Candidates 


11 (92%) 
15 (83%) 
32 (86%) 


postoperative complications (2 myocardial infarctions, 1 
mediastinitis, 1 pneumonia, 1 ulnar palsy, 1 femoral 
thrombosis and 1 gastrointestinal hemorrhage). 

Thirty-nine patients whose coronary anatomy was 
judged suitable for the procedure did not achieve revas- 
cularization. Thirty-five of these patients continued with 
medical therapy, were stablized and discharged alive 
(including 2 patients who were offered revascularization 
but refused [1 PTCA, 1 CABG]). Four additional pa- 
tients died of cardiac events during initial hospitaliza- 
tion including 1 catheterization-related death. Of the 8 
patients whose coronary anatomy was judged not ame- 
nable to revascularization, 7 were stabilized medically 
and discharged alive with 1 additional patient dying af- 
ter an in-hospital myocardial infarction. 


DISCUSSION 

Although coronary revascularization has been per- 
formed in selected octogenarians, the percentage of such 
patients presenting with angina who are candidates for 
these procedures has not been previously demonstrated. 
Additionally, the spectrum of CAD in this population 
needs to be defined. In general, coronary angiographic 
findings examining patients with chronic stable angina, 
unstable angina and postmyocardial infarction have re- 
vealed a similar incidence of left main and multives- 
sel CAD.!” These reports, however, have been skewed 
toward younger persons or limited to older patients who 
have been preselected as candidates for revascular- 
ization. 

The 7% incidence of normal or near-normal coro- 
nary arteries found in our study is comparable to the 2 
to 19% incidence described in younger patients with se- 
vere or unstable angina.'*-7° In contrast, our finding of 
a 13% incidence of left main and 57% incidence of 3- 
vessel CAD approaches the upper limits of what is re- 
ported in these series. The impact of advancing age on 
the extent of CAD has previously been described. Com- 
parison of the Coronary Artery Surgery Study registry 
patients 265 years old with those <65 years old was 
remarkable for older patients having a significantly 
greater incidence of both left main (13 vs 9%) and 3- 
vessel CAD (61 vs 46%).*! Moreover, among men and 
women with definite or probable angina, the likelihood 
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of having significant multivessel CAD increases pro- 
gressively with advancing age.? 
The severity of CAD found in the octogenarians we 


studied was not accompanied by a high incidence of ay 


cardiovascular risk factors. Forty-eight patients (57%) 
had either no or only 1 risk factor for CAD. In younger 
persons, risk factors are important predictors of groups 
at high risk for the later occurrence of angina, myocar- 
dial infarction and cardiac death.*?? As subjects age, 
risk factors lose their predictive powers. Advanced age 
has been shown to be such a potent risk factor for CAD 
development that its presence attenuates the effect of 
other clinical variables.!.23 

In addition to older persons having more extensive 
CAD, they may also be prone to develop diffuse athero- 
sclerosis resulting in fewer patients being candidates for 
CABG. This was not the case in octogenarians we stud- 
ied. Sixty-nine patients (88%) with significant CAD 
were judged acceptable surgical candidates based on an- 
giographic criteria. Previous studies examining younger 
patients with unstable angina have reported similar sur- 
gical candidacy rates ranging from 82 to 91%.!%.20.24 
Thus, even though advanced age is accompanied by a 
higher number of diseased vessels, the potential for 
these vessels to be amenable to bypass grafting remains 
excellent. 

In the last decade the age limit for CABG has been 
increasing.”>*° Bypass procedures in the elderly can be 
expected to offer improvement in anginal symptoms and 
may prolong survival in selected subsets.” These proce- 
dures are associated with an increase in operative risk. 
In our study, an operative mortality of 16% and major 
morbidity of 37% was found in patients undergoing 
CABG. Recent reports examining the role of cardiac 
surgery in octogenarians have demonstrated similar 
findings.*'' Perioperative mortality in these series have 
ranged from 4 to 29%, with complications occurring in 
29 to 92% of surgical survivors (Table III). 

Because of the high surgical morbidity and mortality 
reported, PTCA has been suggested as a therapeutic al- 
ternative in the severely symptomatic elderly patient. 
Although early studies have found advanced age to have 
an adverse effect on the initial success rate of PTCA,?8 
more recent data indicate that angioplasty can be per- 
formed in the elderly with a primary success rate com- 
parable to results observed in younger groupe 1313 Re- 
ported experience with PTCA in the octogenarian is 
scant. In our study, angiographic success was achieved 
in 87% of vessels attempted, with a clinical success rate 
of 83%. Procedure-related mortality occurred in 8% of 
patients, with an additional 8% experiencing a major 
complication. In a prior study, Kern et al? evaluated 
coronary angioplasty in the octogenarian. Thirty-two 
stenoses were attempted in 21 patients, with an initial 
angiographic success rate of 78% and a clinical success 
rate of 67%. Four patients (19%) died as a result of 
either complications from angioplasty or emergency 
CABG required after failed PTCA. An additional 8 pa- 
tients (38%) had major complications. 

In contrast to the high angiographic candidacy rate 
for CABG, only 24 octogenarians (31%) were judged 





acceptable candidates for angioplasty. Leeman et a" 
evaluated the feasibility of PTCA in 92 patients with 
unstable angina (mean age 61 years).74 Based on angio- 
graphic findings, Leeman observed that PTCA was pos- 
sible in 66% of patients. The lower candidacy rate for 
angioplasty noted in our patients most probably is ex- 
plained by their higher incidence of both left main and 
multivessel CAD. In contrast to the 62% incidence of 
left main or multivessel CAD reported by Leeman, 79% 
of the octogenarians in our study had these same le- 
sions. As the number of diseased vessels increases, both 
the candidacy for PTCA and the ability to achieve com- 
plete revascularization with PTCA is reduced.*° 

There are several limitations to our study. An inher- 
ent referral bias may have been present because octoge- 
narians judged in otherwise good health may have been 
selected for angiography. Additionally, angiograms 
were reviewed retrospectively without knowledge of the 
general medical condition of the patient. In this elderly 
group of persons, both angiographic and clinical factors 
need to be considered in selecting patients as potential 
candidates for revascularization. Some patients consid- 
ered to be candidates for CABG or PTCA based on 
angiographic findings may have been excluded from one 
or both of these procedures because of concomitant non- 
cardiac disease. Finally, the selection of patients as can- 
didates for either CABG or PTCA may vary with the 
clinical judgment of individual physicians. 

Conclusion: Multivessel CAD is frequently found in 
octogenarians with severe or unstable angina. Angiogra- 
phy will more often reveal coronary anatomy that is 
suitable for CABG but less often suitable for PTCA. 
However, the in-hospital morbidity and mortality asso- 
ciated with revascularization procedures in this patient 
group is high. 
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Prevalence and Correlates of Increased 
Lung/Heart Ratio of Thallium-201 During 
Dipyridamole Stress Imaging for Suspected 
Coronary Artery Disease 


Flordeliza S. Villanueva, MD, Sanjiv Kaul, MD, William H. Smith, MS, Denny D. Watson, PhD, 
Shailendra K. Varma, MD, and George A. Beller, MD 





There is little information concerning the preva- 
lence and clinical correlates of increased pulmonary 
thallium-201 uptake during dipyridamole thallium- 
201 stress imaging. Accordingly, the clinical char- 
acteristics and quantitative thallium-201 findings 
were correlated with quantitative lung/heart thalli- 
um-201 ratio in 87 patients undergoing dipyrida- 
mole thallium-201 stress testing. Nineteen patients 
(22%) had an elevated ratio (>0.51). These pa- 
tients were more likely to have had an infarction, to 
be taking 6 blockers, and have a lower rate-pres- 
sure product after dipyridamole administration 
than those with a normal ratio (p <0.03). An ele- 
vated ratio was associated with a greater likelihood 
of initial, redistribution and persistent defects, as 
well as left ventricular cavity dilatation on thallium- 
201 imaging (p <0.05). In addition, the number of 
myocardial segments demonstrating initial, redistri- 
bution and persistent defects was also greater in 
patients with increased ratios (p <0.03). Multivari- 
ate analysis demonstrated that the presence of re- 
distribution and left ventricular cavity dilatation 
were the most significant correlates of lung/heart 
thallium-201 ratio. 

It is concluded that the prevalence of increased 
lung heart thallium-201 ratio with dipyridamole 
thallium-201 stress imaging is similar to that seen 
with exercise stress imaging. As with exercise thal- 
lium-201 imaging, increased pulmonary thallium- 
201 uptake may be a marker of functionally more 
significant coronary artery disease. 

(Am J Cardiol 1990;66:1324-1328) 
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lung uptake of thallium-201 during exercise 

stress imaging have been investigated in de- 
tail.!-1° Postulated to reflect pulmonary edema secon- 
dary to transient global left ventricular dysfunction,2 
this finding during exercise stress has been demon- 
strated to have major prognostic implications. The pres- 
ence of this finding identifies a subgroup of patients at 
higher risk for subsequent cardiac events.’-!° In patients 
unable to exercise, thallium-201 imaging after intrave- 
nous injection of dipyridamole is an alternative ap- 
proach for the detection of coronary artery disease!!-!4 
and risk stratification.'>-!9 There is scant information 
concerning the prevalence and significance of increased 
lung/heart ratio during dipyridamole thallium-201 im- 
aging. The goals of this study, therefore, were to deter- 
mine the prevalence and correlates of increased pulmo- 
nary uptake of thallium-201 with dipyridamole stress 
imaging and to compare the prevalence of this finding 
to that m a comparable group of patients undergoing 
exercise stress imaging. 


ck mechanism(s) and significance of increased 


METHODS 

Patient group: The study group comprised 87 con- 
secutive patients referred to the University of Virginia 
Hospital for dipyridamole thallium-201 stress imaging 
for suspected coronary artery disease. There were 51 
men and 36 women, aged 34 to 75 years (mean + stan- 
dard deviation, 61 + 9). The criteria for exclusion in- 
cluded age >75 years, decompensated heart failure, un- 
stable angina, myocardial infarction within the ante- 
cedent 6 months, bronchospastic disease and chronic 
aminophylline use. No changes were made in the medi- 
cations before the test. Pertinent cardiac and noncardiac 
variables, left ventricular hypertrophy on the electrocar- 
diogram, coronary risk factors and concurrent drug 
therapy were noted. A cohort of 255 patients was also 
identified who underwent exercise stress thallium-201 
imaging during the same period. 

imaging protocol: The dipyridamole thallium-201 
imaging protocol used in our laboratory has been previ- 
ously described.'* Dipyridamole (0.56 mg/kg) was ad- 
ministered intravenously over the course of 4 minutes 
with patients in the supine position, followed 3 minutes 
later by an injection of 2.0 mCi of thallium-201. From 
the initiation of dipyridamole infusion, blood pressure 


= 


and a 12-lead electrocardiogram were recorded every 
minute for the first 10 minutes, every 2 minutes for the 
next 10 minutes and every 5 minutes for the final 25 
minutes. The occurrence of chest pain was recorded. 
The exercise protocol used in our laboratory has also 
been previously described.’ For both protocols, initial 
imaging commenced 10 minutes after thallium-201 in- 
jection in the anterior projection, followed by the 45° 
and 70° left anterior oblique projections. This same se- 
quence was repeated 2 to 3 hours later. 

Quantitative image analysis: Myocardial thallium- 
201 activity was assessed using a previously described 
computer-assisted approach.” After background sub- 
traction, thallium-201 activity was measured in 11 seg- 
ments in 3 views. The initial images were assessed by 2 
independent observers for the presence or absence of de- 
fects based on quantitative criteria previously estab- 
lished in our laboratory.” The delayed images were as- 
sessed for the presence of redistribution. An abnormal 
study was defined as one exhibiting 21 defect. Differ- 
ences in interpretation were resolved by a third ob- 
server. 

Lung thallium-201 uptake was measured over the 
midleft lung field in the anterior view before back- 
ground subtraction and after image smoothing (Figure 
1). The lung/heart thallium-201 ratio was expressed as 
the ratio of the counts from the 7 X 7 pixel regions in 
the lung and the myocardium demonstrating the highest 
count activity. The thallium-201 imaging variables ana- 
lyzed for this study included the number of segments 
with initial, redistribution and persistent defects, and 
left ventricular cavity dilatation. 

Statistical analysis: Data were expressed as either 
mean + 1 standard deviation or as proportions. The 
lung/heart ratio was considered normal if it was <0.51, 
and increased if it was >0.51.° Univariate analysis of 
continuous variables were compared in patients with 





FIGURE 1. The method for quantitating the lung heart thalli- 
um-201 ratio. See text for details. 








and without an increased ratio by the Student’s ¢ test. 
The Fisher exact test was used to compare differences 
in proportions. For multivariate analysis, multiple step- 
wise linear regression with the lung/heart ratio as the 
dependent variable was used. Twenty-four clinical and 
thallium-201 variables were correlated with the lung/ 
heart ratio. 


RESULTS 

Figure 2 illustrates data from 2 of the patients. Fig- 
ure 2A shows the initial unprocessed images in the ante- 
rior view in a patient in whom the lung/heart ratio is 
not elevated. Myocardial uptake and washout of thalli- 
um-201 in this particular patient were normal. In con- 
trast, an increased lung/heart ratio was evident (Figure 
2B). Multiple segments exhibited initial defects and re- 
distribution in this patient. 
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FIGURE 2. A, anterior view from a patient with normal lung 
and myocardial activity after dipyridamole infusion; B, similar 
view from a patient with markedly increased lung activity who 
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TABLE I Clinical Correlates of Increased Lung / Heart 
Thallium-201 Ratio 


"Rate 
(>0.51) 
(n = 19) 











Variable 
































Age (yr) 61410 6248 

Male (%) 37 (55) 14 (74) 0.19 

History of 
Heart failure (%) 12 (18) 4(21) 0.74 
Myocardial infarction (%) 23 (34) 14 (74) 0.01* 
Hypertension (%) 46 (68) 9 (47) 0.12 
Valvular disease (%) 4 (6) 0(0) 0.57 
Revascularization (%) 15(22) 3 (16) 0.75 
Diabetes mellitus (%) 20 (29) 6 (32) 0.99 
Smoking (%) 38 (56) 13 (68) 0.43 
8 blocker (%) 14(21) 9 (47) 0.04* 
Calcium blocker (%) 30 (44) 6 (32) 0.59 
Digoxin (%) 11 (16) 1 (5) 0.45 
ACE inhibitor (%) 10(15) 2(11) 0.99 
Left ventricular hypertrophy (%) 9(13) 2(11) 0.99 

During dipyridamole test: 
Chest pain (%) 23 (34) 4(21) 0.40 
ST depression (%) 6 (9) 2(11) 0.99 
RP product (x103) 114429 97421 0.02% 







* Significantly different between the 2 groups. 
ACE = angiotensin-converting enzyme; N = normal: RP = rate pressure. 





Nineteen of the 87 patients undergoing dipyridamole 
stress (22%) had increased lung/heart thallium-201 ra- 
tio compared with 35 (14%) of the 255 undergoing ex- 
ercise stress testing (difference not significant). The 
lung/heart ratios for patients with normal and abnor- 
mal dipyridamole stress images (0.41 + 0.05 and 0.48 
+ 0.08, respectively, p <0.001) were similar to those for 
normal and abnormal exercise images (0.39 + 0.06 and 
0.46 + 0.09, respectively, p <0.001). 





1007p = 0.0014 p = 0.001 
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p = 0.05 


INIT. DEF, REDIS, PER. DEF. L.v. DIL. 





p = 0.02 


40 





% PATIENTS WITH T1-201 ABNORMALITIES 








FIGURE 3. The incidence of various abnormalities on thallium- 
201 imaging (TI-201) in patients with and without increased 
lung heart (L/H) thallium-201 ratio. INIT. DEF. = initial de- 
fects; L.V. DIL. = left ventricular dilatation; PER. DEF. = per- 
sistent defects; REDIS. = redistribution. 
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Clinical correlates of increased lung/heart ratio: 
Table I depicts pertinent clinical characteristics in pa- 
tients with and without increased lung/heart thallium- 
201 ratios on the dipyridamole stress images. There 
were no differences between the 2 groups with respect 
to age, gender, presence of risk factors such as smoking, 
hypertension and diabetes mellitus, presence of signifi- 
cant valvular disease, or electrocardiographic evidence 
of left ventricular hypertrophy. Those with increased 
lung/heart ratios, however, were more likely to have 
had an infarction and to be taking 8-blocker therapy. 
The incidence of chest pain or ST-segment depression 
and the magnitude of the blood pressure response dur- 
ing dipyridamole infusion were not different between 
the 2 groups. The rate-pressure product after dipyrida- 
mole infusion was significantly higher in patients with a 
normal ratio due to a greater increase in heart rate in 
this group. 

Thallium-201 imaging correlates of increased lung/ 
heart ratio: Significantly more patients with an in- 
creased lung/heart thallium-201 ratio had myocardial 
segments showing initial defects, redistribution and 
fixed defects compared to those with a normal ratio 
(Figure 3). Left ventricular cavity dilatation on the ini- 
tial anterior image was also more prevalent in the group 
with an increased compared to a normal lung/heart 
thallium-201 ratio. Patients with an increased lung / 
heart ratio had a greater number of segments exhibiting 
initial defects, redistribution and persistent defects than 
those without an increased ratio (Figure 4). 

Multivariate analysis: Multiple stepwise linear re- 
gression analysis demonstrated that only 2 of the 24 
variables analyzed were independently and significantly 
correlated with the lung/heart ratio of thallium-201. 
The presence of redistribution was found to be the 
strongest correlate of the lung/heart thallium-201 ratio 
(r = 0.20, p <0.0001). Left ventricular dilatation, en- 
tered in the second step of the regression, was the only 
other significant correlate of an increased lung/heart 
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FIGURE 4. Comparison between patients with and without in- 
creased lung /heart (L/H) thallium-201 ratio in terms of the 
number of myocardial segments exhibiting initial (INIT.) redis- 
tribution (REDIS.) and persistent defects (PER. DEF.). 
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ratio (r = 0.05, p = 0.02). None of the other clinical 
and imaging variables that were significant on univari- 
ate analysis contributed additionally or independently to 
the correlation. 


DISCUSSION 

In the current study, 22% of the patients undergoing 
dipyridamole stress imaging were found to have in- 
creased lung/heart thallium-201 ratio, a rate similar to 
that of patients undergoing exercise stress imaging. !:>68 
The actual values of the lung/heart ratio for patients 
with normal and abnormal scans were comparable be- 
tween the exercise and dipyridamole groups. On multi- 
variate analysis, the presence of redistribution and tran- 
sient cardiac dilatation were the only 2 variables that 
were found to correlate with the lung/heart thallium- 
201 ratio. The other 22 clinical and imaging variables 
analyzed in this study did not correlate with lung/heart 
thallium-201 ratio on multivariate analysis, although 
several were found to be associated with an increased 
ratio on univariate analysis. 

Comparison of dipyridamole and exercise stress 
imaging: Because thallium-201 kinetics after dipyrida- 
mole infusion differ from that after exercise,?! one 
might not have readily predicted that the prevalence 
of increased lung thallium-201 activity during dipy- 
ridamole thallium-201 imaging would necessarily paral- 
lel that of exercise imaging. With exercise, there is 
splanchnic vasoconstriction with flow being diverted to 
the skeletal muscles and the heart. In contrast, organ 
blood flow distribution after administration of dipyrida- 
mole more closely resembles that at rest, resulting in 
greater background counts on initial dipyridamole im- 
ages.?! The initial myocardial thallium-201 uptake after 
dipyridamole, however, tends to be relatively greater 
than that after exercise because of a more favorable 
coronary blood flow to cardiac output ratio.*! The net 
result is that the myocardial to background ratio is 
comparable in both exercise and dipyridamole imaging, 
which may partly explain similar prevalence and corre- 
lates of lung/heart thallium-201 ratio in the 2 tests. 

Another reason one may not have predicted the 
lung/heart ratio during dipyridamole stress imaging to 
exhibit the same associations as during exercise imaging 
is that, in the former situation, thallium-201 is injected 
with the patient in the supine position where lung 
thallium-201 uptake is influenced by a greater pul- 
monary blood volume or increased pulmonary transit 
time. These reasons notwithstanding, our data suggest 
that the associations between increased lung/heart thal- 
lium-201 ratio during dipyridamole stress and exercise 
imaging are the same, suggesting a possible similar 
mechanism. 

Clinical variables that correlate with lung/heart 
thallium-201 ratio: The variables found in this study to 
correlate with the lung/heart thallium-201 ratio are 
comparable to those previously described for increased 
ratio during exercise.! 4-68 Of the 17 clinical and 
stress nonimaging variables analyzed in our patients, 3 
were found to be significant univariate correlates of an 
increased ratio: prior myocardial infarction, concomi- 


Zéi GE PPS? 





tant -blocker therapy, and lower rate pressure-product 
after dipyridamole infusion. A greater prevalence of pri- 
or myocardial infarction has been previously associated 
with increased lung/heart thallium-201 ratio.’ Unlike 
exercise, during dipyridamole infusion, enhanced chro- 
notropic and inotropic responses would not be expected. 
Beta blockers, therefore, would not be expected to cause 
increased pulmonary thallium-201 uptake by inhibition 
of this mechanism. Rather, §-blocker use may be a 
marker of more severe coronary artery disease. A lower 
rate-pressure product after dipyridamole in patients 
with increased lung/heart ratio may imply ischemic left 
ventricular dysfunction in patients with more extensive 
coronary artery disease P 

Thallium-201 imaging variables that correlate with 
the lung/heart thallium-201 ratio: Thallium-201 imag- 
ing variables found in our study to be associated with 
increased lung uptake of thallium-201 are not unlike 
those described in studies using exercise stress imag- 
mg 26 With univariate analysis, we found that patients 
with an increased ratio were more likely to have a great- 
er incidence and number of initial, transient and persis- 
tent thallium-201 perfusion defects, as well as left ven- 
tricular cavity dilatation. When multiple stepwise linear 
regression analysis was performed, the presence of re- 
distribution was found to be the most powerful indepen- 
dent predictor of the lung/heart ratio. Left ventricular 
cavity dilatation was the only other variable that corre- 
lated with increased lung/heart ratio on multivariate 
analysis. The association of redistribution and left ven- 
tricular cavity dilatation with increased lung/heart thal- 
lium-201 ratio probably superseded the other associa- 
tions found to be significant on univariate analysis. 

Possible mechanisms of increased lung uptake dur- 
ing dipyridamole stress: Our data do not demonstrate 
the mechanism(s) by which increased pulmonary up- 
take of thallium-201 occurs during dipyridamole stress 
imaging. However, our data suggest that it is indicative 
of more severe coronary artery disease and transient left 
ventricular dysfunction consequent to administration of 
the vasodilator. In the canine model, pulmonary thalli- 
um-201 extraction has been shown to increase in the 
presence of increased left atrial pressure or pulmonary 
transit time.? Exercise-induced increases in pulmonary 
capillary wedge pressure has been also correlated with 
increased lung thallium-201 activity in patients.' In- 
creased extravascular lung water, in a model of acute 
pulmonary edema, has been shown to have a linear rela- 
tion to pulmonary thallium-201 uptake.** We speculate 
that similar phenomena may explain increased lung 
thallium-201 uptake during dipyridamole imaging. 

The increased lung thallium-201 uptake in our pa- 
tients undergoing dipyridamole stress imaging occurred 
without a corresponding increase in the rate-pressure 
product, implying that if ischemia occurred, it was not 
primarily due to an increase in myocardial oxygen de- 
mand. Vasodilator-induced subendocardial hypoperfu- 
sion has been demonstrated in the canine model "77 
The development of unfavorable endocardial/epicardial 
blood flow gradients distal to a critical stenosis after 
vasodilatation with dipyridamole may result from “cor- 


THE AMERICAN JOURNAL OF CARDIOLOGY DECEMBER 1, 1990 1327 






£ 
RK 

e 

"eg, 

Ae 

f T 
` SZ l Ke $ 4 a Fi 
est ANS d E E E a CH O 
Kë ex PEALE Yrs diei- d d FRUA: 

(the zB! 2 Ce d oy WE 


e Wl, E KEEN 


S PN di A Ké, LA 
JA d Ale Ant ER A e Ah 


Loa 


Nee A Cer) 


Lo A 
Ss A 


KÉ? 


ie 


wf f E e KR ale * . 
Pe NT Bi ee et a ee EE et eee ee 


Tye | 
xt adele af 


EE Gei TENEN OR IE 








onary steal.” 3-28 In some patients receiving intrave- 
nous dipyridamole, regional lactate production was 
shown to occur in areas supplied by stenosed coronary 
arteries and was associated with distribution of flow 
away from these regions.” Dipyridamole-induced alter- 
ations in myocardial flow patterns could, therefore, be 
physiologically important and might produce ischemic 
left ventricular dysfunction sufficient to raise left ven- 
tricular filling pressure and thus, pulmonary capillary 
pressure. 

Study limitations: This study defined an abnormal 
lung/heart ratio based on norms established in subjects 
with low likelihood of coronary artery disease undergo- 
ing exercise imaging. More acceptable criteria should 
probably be based on similar subjects receiving dipyrid- 
amole. However, given that the lung /heart ratios for 
normal and abnormal exercise images were virtually 
identical to those for dipyridamole images, we believe 
that the norms used in this study are acceptable. Anoth- 
er limitation of the study is that cardiac catheterization 
was not performed in most patients, and thus we could 
not assess coronary angiographic and hemodynamic 
correlates of increased lung/heart thallium-201 ratio. 
The only previously published study assessing the angio- 
graphic correlates of increased lung thallium-201 activi- 
ty found lung/heart ratio of thallium-201 to be signifi- 
cantly correlated with the presence of coronary artery 
disease.*° This study, using a smaller patient cohort, 
failed to demonstrate a relation between lung/heart 
thallium-201 ratio and both angiographically deter- 
mined extent of coronary artery disease and resting left 
ventricular ejection fraction. However, left ventricular 
ejection fraction in this study was not measured after 
dipyridamole infusion. 

Possible clinical implications: Our study suggests 
that pulmonary thallium-201 uptake may be a useful 
supplementary variable during dipyridamole thallium- 
201 imaging. Increased lung activity during exercise 
thallium-201 imaging bodes a poor prognosis.468-!9 [f 
increased lung thallium-201 uptake during dipyrida- 
mole imaging is indeed comparable both in its incidence 
and its pathogenesis to exercise stress imaging, it may 
also offer similar prognostic information. Further stud- 
ies are required to address this issue. 


Acknowledgment: We are grateful to Boeringer In- 
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Sudden Death Behind the Wheel from Natural 
Disease in Drivers of Four-Wheeled 





Motorized Vehicles 


David H. Antecol, MD, and William C. Roberts, MD 


EE ee te ST eS 
The heart was studied in 30 persons who died sud- 
denly from natural causes in the driver’s seat of an 
automobile, truck or bus. Twenty had cardiac ar- 
rest while driving and the other 10 while sitting in 
the driver’s seat of a parked vehicle. Of the 20 
drivers, 16 died from atherosclerotic coronary ar- 
tery disease (CAD): 12 (75%) had minor collisions 
and 4 did not. Of the 16 with fatal CAD, an aver- 
age of 2.3 + 0.8 of the 4 major coronary arteries 
were narrowed >75% in cross-sectional area 
(CSA) by plaque; of 668 five-mm segments of the 4 
major (right, left main, left anterior descending, left 
circumflex) coronary arteries in 13 of these 16 
cases, 27 (4%) were narrowed 96 to 100% and 
127 (19%) were narrowed 76 to 95% in CSA by 
plaque. The remaining 4 drivers died from noncor- 
onary conditions: aortic rupture associated with the 
Marfan syndrome in 1; cardiac sarcoidosis in 1; 
thoracic aortic dissection in 1; and severe mitral re- 
gurgitation from infective endocarditis, which had 
healed in 1. The other 10 persons were found dead 
in the driver’s seat of a parked vehicle and 8 of 
them had fatal CAD. Of the 8 CAD victims, an av- 
erage of 2.5 + 1.2 of the 4 major coronary arteries 
was narrowed >75% by plaque; of the 283 five- 
mm segments of coronary arteries in 7 of the 8 
cases, 44 (16%) were narrowed 96 to 100% and 
69 (24%) were narrowed 76 to 95% in CSA by 
plaque. 

Victims dying suddenly from CAD while driving 
are similar to other out-of-hospital sudden coro- 
nary death victims with respect to mean age, gen- 
der, heart weight, frequency of healed myocardial 
infarcts, number of major epicardial coronary 
arteries severely narrowed, and the percentage of 
5-mm-long segments of the major arteries severely 
narrowed by atherosclerotic plaque. Most drivers 
stopped the vehicle without injury to themselves or 
to others. 

(Am J Cardiol 1990;66:1329-—1335) 
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year from accidents involving 4-wheeled motorized 

vehicles, a death rate of 20/100,000 population. 
Most deaths are the result of trauma incurred by the 
accident. Some deaths, however, occur in occupants of 
4-wheeled motorized vehicles as a result of natural 
causes, and an accident may or may not result when the 
sudden illness affects the vehicle’s driver. The most 
common cause of sudden death from natural disease in 
drivers is cardiovascular disease, and coronary artery 
disease (CAD) is by far the most common of them. 
Myerburg and Davis? in 1964 analyzed medical exam- 
iners’ reports in 1,348 cases of natural death from CAD 
in their local medical examiner’s office, and found that 
71 (5%) occurred in drivers; 24 accidents (34%), all mi- 
nor, resulted from these 71 deaths. Bowen? in 1973 ana- 
lyzed medical examiner’s reports in 9,330 cases of sud- 
den death from CAD and found that 98 (1%) occurred 
in drivers: 46 accidents (47%), all minor, resulted from 
these 98 deaths. In the present report we examined the 
heart and major arteries and reports of other body or- 
gans in 30 persons who died behind the wheel from nat- 
ural disease; 12 (40%) deaths resulted in accidents, all 
minor. The major focus of this report is on the extent of 
CAD present and on the frequency and types of myo- 
cardial lesions. 


|: the USA approximately 50,000 deaths occur each 


METHODS 

Cases studied: Records from the Pathology Branch, 
National Heart, Lung, and Blood Institute, were 
searched for cases of sudden natural death that oc- 
curred in the driver’s seat of automobiles, trucks, or 
buses. On the basis of findings at necropsy, the cases 
were divided into 3 groups: group I, fatal cardiac arrest 
from significant (>75% cross-sectional area [CSA] nar- 
rowing of 1 or more arteries) CAD while driving, 16 
cases; group II, sudden natural death not due to CAD 
while driving, 4 cases; and group III, persons found 
dead in the driver’s seat of a parked vehicle but who 
were not known to be driving at the onset of the termi- 
nal event, 10 cases. The autopsies in all 30 subjects were 
performed at 1 of 4 local institutions, and subsequently 
the hearts were submitted to the Pathology Branch for 
study. Available clinical records, autopsy records and 
police reports were examined in all 30 subjects. 

Examination of heart: The hearts were fixed in 10% 
buffered formalin for at least 24 hours before weighing 
and examination. The major (left main, left anterior de- 
scending, left circumflex, and right) epicardial coronary 
arteries were excised intact after fixation. The arteries 
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Sudden Death 


Sudden Death Sudden Death Behind Wheel 


While Driving While Driving Vehicle 
(n= 10) 
463+ 135 


Group Ill 
Parked 


Not Due to 

CAD (n = 4) 
0 

558+176 


Group II 


Due to CAD 
(n= 16) 

6 

4 

4 

5 

3 

0 


Group | 
522 + 103 
1/13 


Table |. 


artery; MVA = motor vehicle accident; SD = standard deviation; 


parked vehicles 


Multiple-MVA 


Damage to driver's 
* One victim was not included here because although at least 1 coronary artery 


was severely narrowed, it was not known precisely how many were severely nar- 


Parked vehicles only 
rowed. 


Single-MVA, no 
coronary thrombus 


infarction (history) 
Occlusive coronary 


Congestive heart 
tension (history) 


Diabetes mellitus 
in CSA by plaque 


+SD 


>350 g (women) 
Nonocclusive 


failure (history) 
LV necrosis 


Systemic hyper- 
>75% in CSA by 


vehicle (no.): 
vehicles (no.): 
Minor 
Major 
Property damage 
_{no.) 
narrowed >75% 


None 


CA = coronary 
other abbreviations as in 


(history) 
Type of collision (no.): 


None 
thrombus 


4 
Mean No. of CAs 


£ 
“4 
S 
© 
d 
2 
Q 
O 
: 
> 
O 
= 
8 
2 
© 
O 
kel 
E 
= 
§ 
£ 
S 
m 
3 
ke 


the 30 Drivers 
Mean age + SD 
Men/women 

Angina pectoris 

Past acute myocardial 
Damage to other 
Blood alcohol present 
Heart weight +SD (g) 
HW >400 g (men); HW 
LV fibrosis 

RV dilation 

LV dilation 

No. of CAs narrowed 


‘yeanuusues} = | ‘uoIsua}edAYy a1LWa}SAs IO AIS = HS ‘jeIp4eoopuaqns = JS ‘aBey.LIOLWAaY PIOUYeJeGNS = HYS SU IS = AY ASTI = ‘QAISNJOOOUOU = ON "SO DaU = N ‘UONE}IBUNGOs epu = YW :IPUJUIA 

Ya} = A7 ‘SpPsedopus ONG = J| “UBIO peay = MH SEOIOU = 4 ‘jeIpseoideqns = 3 STELL Sejeqelp = WG ‘PAE jeuon2əS-SS019 = YSI ‘Anjie yeay aalseduod = JHI -aseasip Aaye AEUOIO2 = GYI ‘suooed eulBue = dy ‘agyu! jeIPseoOALW INW = | 
= i : ‘ajqeyieae JOU Saa As2UOIOD au Yo] pue “BUIPUBISEP JOLIO}UE YƏ EU ISL w 
"Yeap a10jaq Da lau ZU *(| 

“Yeap 310409 Asia Dale) AA [enxas *( 
"WO E 40} pajauun} Həpe BuIPUBOSEP JOLIO}Ue Yo} A 
‘gIqe|IeAe JOU sanaye euo BuIPUBoSaP H0uəzue yə pue ueu Yə "16 senouzuaA IL pəajeay Aunay Heuowjnd pue UO 3y} UGEM}eq SES4NOD Asayie Aueu0s09 Bu ‘enese JO SNuls Ya Su) Wo4 Hape Aeuo0o } 
; ‘@NRA auoe pidsnoig ewou Ájeuogouny ` 


‘BUIALIP ƏJIYMISƏE DEIPJEd IEIEL BsOJoq SYJƏM E PeJUI jeipsedoAw aynoe ‘(pP 
Jop SHBOM Z Yeap dIdojOIg YM Anfu uEI0 DIKOUE 319AƏS ‘(9 
‘ajqejieae jou Haye euo urew ya] ` 
‘Asdoyne ye papnjooo UE D uipa snouaydes aud ‘Yeap 3404Əq SYJUOW 6 UO) ws/unaue senouzuəaa yə pue Auesuns ssedAq Aueu0s0o9 ' 


a SÉ 
A 


o we 
FEST EEN 


~ 
S 
o+ loo looo | 
ogous fage 


CO DO ed TOR St CO CN CN 
oo++oo0oo0o+++ 
oo oo: 0c CH CHEN. CH GH 
ett L of het der 


pənunuo9 13198 





E 


THE AMERICAN JOURNAL OF CARDIOLOGY DECEMBER 1, 1990 1331 








A 
e 


Be 
Ba 


Kë Al Ae dech Lët, 0 E 





V 
Lë 
E> 
La 
p> 
d 
y 
E 


E 
SN 


== 


TRY TSE 


= 
Dh 


KTM 


e ag ein 





FIGURE 1. Case 2, Table I. Opened cardiac ventricles show- 
ing a healed large anterior wall infarct which is aneurysmal in 
a 38-year-old man (DCMEO 485-07-598). He had had evi- 
dence of congestive heart failure before his sudden death 
while driving. 


then were decalcified if necessary with formic acid-sodi- 
um citrate for at least 24 hours. The coronary arteries 
then were cut transversely into 5-mm-long segments 
and labeled sequentially from origin to termination by a 
method described elsewhere.* The 5-mm segments were 
dehydrated in ethanol and xylene, and embedded in 
paraffin. At least one 6-y-thick histologic section was 
cut from each 5-mm segment and stained by the Movat 
method. The percent CSA luminal narrowing by ath- 
erosclerotic plaque was determined by microscopic ex- 
amination with approximately 40 times magnification. 
The percent luminal narrowing was graded into 1 of 5 
CSA categories: 0 to 25, 26 to 50, 51 to 75, 76 to 95 
and 95 to 100%. The accuracy of this technique of grad- 
ing CSA narrowing has been validated to be >95%.5 
Histologic sections, at least 2 per heart, extending from 
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endocardium to epicardium of the left ventricle, were 
prepared. Foci of myocardial necrosis or fibrosis were 
confirmed histologically. 


RESULTS 

Clinical and terminal event features in each of the 
30 subjects, divided by the 3 groups, are detailed in Ta- 
ble I, summarized in Table II, and some hearts are il- 
lustrated in Figures 1 to 7. 

Etiology of deaths: All 20 subjects who died sudden- 
ly from natural causes while driving (groups I and II) 
died from cardiovascular disease: CAD in 16 (80%) and 
l each from rupture of the thoracic aorta in the Marfan 
syndrome; cardiac sarcoidosis; severe mitral regurgita- 
tion from infective endocarditis that had healed: and 
rupture of an aortic dissection. Of the 10 persons found 
dead in the driver’s seat of a parked vehicle (group III), 
8 died from CAD. Case 23 (Table I) had origin of the 
right coronary artery from the left sinus of Valsalva and 
it coursed between the aorta and pulmonary trunk. 

Previous symptomatic myocardial ischemia: Angina 
pectoris or acute myocardial infarction that had healed 
and/or congestive heart failure was known to be present 
in 7 (44%) of the 16 group I subjects, in none of the 4 
group II subjects, and in 6 of the 10 group III victims. 
A coronary bypass operation with simultaneous resec- 
tion of a left ventricular aneurysm had been performed 
earlier in 1 subject (case 7). 

Accidents: Among the 16 group I cases, 4 collisions 
occurred with parked vehicles only, 5 collisions involved 
property damage apart from other vehicles, 3 collisions 
were with other operating vehicles (1 head-on, 1 broad- 
side, 1 rear-end), and no collision occurred in 4 cases. 
Therefore, an accident occurred in 12 (75%) group I 
subjects. These collisions resulted in minor damage to 
10 drivers’ vehicles and to 9 other vehicles, and major 
damage to 1 driver’s vehicle and to 1 other vehicle. Only 


FIGURE 2. Case 5. Photomicrographs of 
sites of maximal narrowing of the right (R), 
left main (LM), left anterior descending (LAD) 
and left circumflex (LC) coronary arteries in a 
32-year-old man (SH #A80-47) with previous 
angina pectoris. A large acute myocardial in- 
farct was found at necropsy. (Movat stain, 
original magnification of each X 26, reduced 
34%.) 





1 collision occurred in the 4 group II subjects, and it 
involved non-vehicle property damage and no damage 
to the driver’s vehicle. In case 18, an accident was pre- 
vented by a passenger on the bus who took over control 
when the driver collapsed. In the 16 group I subjects, 4 
(25%) received minor body injuries. Only 1 driver in 
group I had passengers, and the 3 passengers in his taxi 
were not injured in the collision. No injuries and no fa- 
talities occurred to passengers in the drivers’ vehicles, to 
occupants of other vehicles or to pedestrians. 

Blood alcohol levels: No blood alcohol or illicit 
mind-altering drugs were present in any of the drivers in 
whom this information was known (Table I). The cause 
of death was undetermined in the 1 subject with a posi- 
tive blood alcohol level (case 25). 

Myocardial damage: Left ventricular necrosis was 
present in 3 (19%) of the 16 drivers in group I; 2 of 
these drivers (cases 12 and 13) had been severely brain 
injured from anoxia during the cardiac arrest while 
driving and proceeded to biologic death 2 weeks later. 
In addition, case 13 had been hospitalized for an acute 
myocardial infarct 3 weeks before the cardiac arrest 
while driving. Left ventricular fibrosis was present in 12 
(75%) of the 16 group I victims, and in 4 of the 10 
group III victims. 

Coronary arteries: In the 16 drivers who died sud- 
denly from CAD, the mean number of coronary arteries 
narrowed >75% in CSA by atherosclerotic plaque was 
2.3 (standard deviation 0.8): 3 (20%) had 1 artery so 
narrowed; 5 (33%) had 2 arteries, and 7 (47%) had 3 
arteries so narrowed. One had >75% CSA narrowing of 
at least 1 coronary artery, but the exact number so nar- 
rowed is not known. None had a left main coronary 
artery narrowed >75% in CSA. In addition, the 1 sub- 
ject with previous cardiac surgery (case 7) had total oc- 





FIGURE 4. Case 17. Heart and aorta in a 21-year-old man (A67-120) with the Marfan syndrome who died suddenly from rup- 
ture of the thoracic aorta after parking his car in his garage. A tear is present in the ascending aorta, 


FIGURE 3. Case 10. Healed subepicardial infarct of the left 
ventricular free wall with left ventricular dilation in a 56-year- 
old man (DCMEO 488-01-68) with a previous clinical event 
compatible with acute myocardial infarction with evidence of 
congestive heart failure thereafter. 


clusion of 1 of 2 saphenous vein bypass grafts. The coro- 
nary arteries were available for histologic review in 13 
of 16 group I cases, and from them 668 five-mm-long 
segments were examined. The mean percents of 5-mm 
segments narrowed in CSA by 0 to 25, 26 to 50, 51 to 
75, 76 to 95 and 96 to 100% were 26, 20, 33, 19 and 
4%, respectively. In the 8 group III victims with CAD, 
the mean number of major epicardial coronary arteries 
narrowed >75% CSA was 2.5 (standard deviation 1.2): 
2 had 1 artery so narrowed; 2 had 2 arteries so nar- 
rowed; 2 had 3 arteries so narrowed; and 2 had 4 arter- 
ies so narrowed. Of the 283 five-mm segments of coro- 
nary artery in 7 of these 8 victims, 44 (16%) were nar- 






patient was known to have had aortic regurgitation since childhood. A photomicrograph of a healed tear in ascending aorta is 


shown on the right. The media is virtually depleted of elastic fibers, 


Gieson stain, original magnification 19, reduced 23%.) 
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FIGURE 5. Case 18. Two views (left) of the cardiac ventricles showing extensive replacement of myocardium of the right ven- 
tricular wall, ventricular septum, and left ventricular wall in a 35-year-old man (DCMEO #88-01-140) who died suddenly from 
cardiac sarcoidosis while operating a bus. Photomicrograph (right) of portion of left ventricular wall. (Hematoxylin and eosin 


stain, original magnification X 300, reduced 25%.) 


rowed 96 to 100% and 69 (24%) were narrowed 76 to 
95% in CSA by plaque. 


DISCUSSION 

Death in 29 of the aforementioned 30 drivers was 
the result of a cardiovascular condition, CAD in 24 
(80%). The mean age of the 24 CAD victims was 54 + 
7 years and most (92%) were men. This age is similar 
to that of out-of-hospital nondriving sudden coronary 
death vietms "7" The preponderance of men may be 
explained by 2 factors: (1) Men die suddenly from 
CAD more often than do women, and (2) men drive 
more than women.!° Previous clinical evidence of heart 
disease is fairly common in persons dying from heart 
disease behind the wheel, occurring in 13 (43%) of our 
30 victims, and in 17 to 67% of such previously reported 
victims.?:3:8-10 

Among the 20 drivers dying suddenly from natural 
disease, a collision occurred in 12 cases, 4 drivers re- 
ceived injuries (all minor), and no other persons re- 
ceived injuries. This proportion of cases involving colli- 
sions is similar to previously published studies that have 
ranged from 26 to 67%.%38.9.11-13 Setting features such 
as the density of vehicles on the roads, road speed limits, 
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and the number of other persons at risk for injury are 
important when considering observations of collisions, 
property damage, and injury to others. Among the 16 
drivers dying from CAD while driving, the vehicle was 
brought to a safe stop without collision in 4 (25%) cases. 
Kerwin'* suggested that electrical disturbances in the 
heart “may take sufficient time to evolve that some ce- 
rebral circulation is maintained for a brief time. The 
driver therefore has a warning period during which a 
serious accident can be and nearly always is avoided.” 

Few previous studies of natural sudden death while 
driving or at the wheel have noted heart weights or the 
frequency of myocardial necrosis and healed infarcts. 
Cardiomegaly was present in 13 (87%) of 15 hearts in 
the drivers dying suddenly from CAD and in 6 (75%) of 
the 8 persons dying from CAD in the parked vehicle 
group; respective mean heart weights were 522 and 479 
g. These heart weights and proportions of cardiomegaly 
are similar to those of out-of-hospital nondriving sudden 
coronary death victims.’ Three victims who died from 
CAD had transmural necrosis. Previous reports of sud- 
den coronary death while driving or behind the wheel 
have found the proportion with myocardial necrosis to 
be 2%, 22%? and 39%.8 Most drivers dying suddenly 
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FIGURE 6. Case 29. A portion of the cardiac ventricles show- 
ing a healed infarct of the anterolateral left ventricular wall in 
a 59-year-old man (NNMC #A79-148) with a previous clinical 
event 4 years earlier compatible with acute myocardial infarc- 
tion. He was found dead in his car. He had returned to his car 
shortly after jogging. 


from CAD have healed myocardial infarcts: 67% in our 
24 cases, and 56%>8 and 67%? in previously published 
reports. 

One previous autopsy study of natural sudden deaths 
“in motor vehicles” (both drivers and nondrivers, both 
moving and parked vehicles) reported the extent of the 
coronary atherosclerosis. The study by Copeland!? in- 
volved 133 autopsied cases of natural sudden death that 
occurred “in a motor vehicle,” and in 106 of the 133 
cases the coronary arteries were examined: in 70 (66%) 
victims 1 or more coronary arteries were narrowed 76 to 
100% in CSA. In our study, the mean number of major 
epicardial coronary arteries narrowed >75% CSA was 
2.3. In comparison, of 230 out-of-hospital and out-of- 
automobile sudden coronary death victims,’ the mean 
number of major epicardial coronary arteries narrowed 
>75% CSA by plaque was 2.4. 
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FIGURE 7. Case 30. Longitudinal view of the heart showing a 
dilated left ventricle with a large healed infarct in a 62-year- 
old woman (DCMEO #79-02-133) who had had congestive 
heart failure. She was found dead after a snowstorm in her 
car, which was parked on the street. 
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SYSTEMIC HYPERTENSION 


Changes in Plasma Free Fatty Acids and ` 
Glycerols During Prolonged Exercise in 
Trained and Hypertensive Persons Taking 


Propranolol and Pindolol 
Jacquelyn K. Jesek, MA, Nicholaus B. Martin, MD, Craig E. Broeder, MS, 


Evan L. Thomas, MS, Kathleen C. Wambsgans, MEd, Zandrie Hofman, PhD, 
John L. Ivy, PhD, and Jack H. Wilmore, PhD 


The extent to which lipolysis is attenuated during 
prolonged submaximal exercise during 6 blockade 
was determined in 12 normotensive endurance- 
trained and 12 hypertensive sedentary men using 
nonselective drugs with and without intrinsic sym- 
pathomimetic activity (ISA). Initially, subjects per- 
formed a graded treadmill test to determine maxi- 
mal oxygen uptake (VO2max). This was followed 
by 2-hour walks at 25 and 45% of the subject’s 
VO2max under each of 3 treatments: pindolol (ISA), 
propranolol (non-ISA) and placebo. The distribution 
of medication was randomized and double blinded. 
Blood samples taken at rest and every 30 minutes 
during the 2-hour walks were analyzed to deter- 
mine the concentrations of free fatty acids (FFA) 
and glycerol. On the basis of the respective 
changes in FFA, glycerols and the respiratory ex- 
change ratio, 3-adrenergic blockade did not atten- 
uate lipolysis in the untrained hypertensive subjects 
when compared with the placebo administration. 
However, 6 blockade did demonstrate a tendency to 
attenuate lipolysis in the trained, normotensive sub- 
jects when compared with results after placebo ad- 
ministration. This was particularly evident at 30 
minutes of exercise, when both glycerol and FFA 
concentrations were not increased above resting 
values under both conditions of 8 blockade. No dif- 
ferences between pindolol and propranolol were ob- 
served. Therefore, a -blocking agent with ISA 
properties appears to have no clear benefit with re- 
spect to lipid metabolism during low and moderate 
intensity exercise. Furthermore, these data demon- 
strate that 6 blockade does not inhibit exercise-in- 
duced lipolysis at low and moderate intensities of 
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exercise as formerly believed, and is unlikely to be 

the cause of fatigue normally observed during work 

in patient populations taking 8-blocking medication. 
(Am J Cardiol 1990;66:1336-1341) 


tivity have recently been reviewed.!-3 Lipolysis is 

one of the many adrenergically controlled pro- 
cesses affected by 8 blockade. During a prolonged bout 
of low-intensity exercise, triglycerides are broken down 
into glycerols and free fatty acids (FFA) in the adipo- 
cyte and muscle to provide metabolic substrate for the 
active muscle. With 8 blockade, however, the rate of 
lipolysis is attenuated, | increasing the potential for a re- 
duced exercise capacity. In previous research studies, 8 
blockers have been shown to attenuate the release of 
FFA and glycerols during exercise,4-!7 although in 1 
study FFA levels were higher when subjects were given 
p blockade than when given placebo at the end of a 1- 
hour run.'* Juhlin-Dannfelt'® concluded that the reduc- 
tion in working capacity produced by 8 blockade during 
prolonged exercise is due to the metabolic effects caused 
by a decreased rate of lipolysis, reducing the availability 
of FFA, leading to the rapid depletion of liver and mus- 
cle glycogen stores, and therefore limiting cardiorespira- 
tory endurance. 

The purpose of the present study was to investigate 
the effects of 8-adrenergic blockers, both with and with- 
out intrinsic sympathomimetic activity (ISA), on FFA 
and glycerol blood levels during prolonged submaximal 
exercise of low and moderate intensity, in endurance- 
trained normotensive and untrained hypertensive sub- 
jects. Rates of work were selected that approximate the 
range of rates most likely experienced by patients taking 
8-blocking medication. It was hypothesized that both 
groups would experience an attenuation in the increase 
of FFA and glycerol levels during exercise while taking 
B-adrenergic blockade; that this attenuation would not 
be as marked with ISA as with non-ISA treatment; that 
the attenuation would be greater in the endurance- 
trained group who have an increased reliance on fat as a 
metabolic substrate as a result of training”; and that 
the effects of the ISA would be lost at the higher inten- 
sity of exercise. 


T he effects of 8-adrenergic blockade on physical ac- 


a 


METHODS 

The 24 men aged 18 to 34 years were recruited from 
the student, faculty and staff population at a major uni- 
versity. Of these, 12 subjects were untrained, relatively 
sedentary, hypertensive persons, having a diastolic blood 
pressure =95 mm Hg on 3 separate days. The other 12 
subjects were normotensive and endurance-trained run- 
ners who were able to run 10 miles in <1 hour, or who 
ran a minimum of 35 to 40 miles/week. Ideally, this 
study would have been conducted exclusively on hyper- 
tensive subjects. However, it was not possible to recruit 
a sufficient number of highly trained hypertensive sub- 
jects. The subject characteristics are presented in Table 
I. Subjects taking some form of antihypertensive medi- 
cation discontinued their medication 2 weeks before the 
initial testing, with the consent of their physician. Each 
subject provided an informed consent. This study was 
approved by the university’s Institutional Review Board. 

A brief medical history was obtained and a physical 
examination was performed on all subjects. An initial 
graded exercise test was conducted to determine the 
subject’s maximal oxygen uptake (VO2max) under non- 
medicated conditions. The protocol for this test has been 
reported previously.”! After the initial graded exercise 
test, the subject began 1 of 3 treatments: propranolol 
(160 mg/day), pindolol (10 mg/day) or placebo. The 
distribution of medication was randomized and double 
blinded. 

The subject started the first treatment on the morn- 
ing of day 1, taking 1 pill every 12 hours for days 1 to 9. 
The subject was asked to document the day and time 
each pill was taken. Compliance was monitored by pill 
counts. Treadmill tests were conducted on days 3, 7 and 
9. The subject received medication 1.5 hours before ex- 
ercise and was told not to eat 12 hours before test time. 
On day 3, a submaximal/ maximal graded exercise test 
was performed.”! On day 7, a 2-hour walk at 25% of 
VO,max was performed. An 18G X 2” intravenous 
catheter was inserted into the antecubital vein for blood 
sampling at rest and every 30 minutes during the 2-hour 
walk. Supine blood pressure and electrocardiograms 
were recorded before exercise. During quiet sitting and 
every 30 minutes while walking, VO>, stroke volume 
and cardiac output were measured at steady state using 
a Horizon Metabolic Measurement Cart. Blood pres- 
sure, rating of perceived exertion and an electrocardio- 
gram were recorded every 15 minutes throughout the 2- 
hour bout of exercise. On day 9, the subject repeated 
the same protocol used on day 7, but at 45% of his 
VO max. 

After the 2-hour walk at 45% of VO max, the sub- 
ject stopped the first medication and began a 5-day 
washout period (days 10 to 14). On day 15, the subject 
started the second medication, following the same pro- 
cedure as with the first medication, i.e., a submaximal/ 
maximal graded exercise test, 2-hour walks at 25 and 
45% of VO.max, and a 5-day washout period. After the 
second washout period, the subject started the third 
medication, again repeating the same format as used for 
the first 2 medications. 

At rest and every 30 minutes during the 2-hour 
walks at 25 and 45% of the subject’s VO2max, 5 ml of 


Trained 
Normotensives 


Untrained 
Hypertensives 


Variable SD 


Age (yrs) 
Height (cm) 
Weight (kg) 
VO: max 
(ml- kg! min?) 


SD = standard deviation. 





blood was drawn from the catheter and mixed with 0.5 
ml of ethylenediaminetetraacetic acid (24 mg/ml, pH 
7.4). One ml of blood was then added to 2 ml of 8% 
perchloric acid, centrifuged, and the acid extract stored 
at 4°C for further analysis of glycerol. Blood glyc- 
erol concentration was determined enzymatically as de- 
scribed by Wieland.”* The initial blood samples were 
also centrifuged and the recovered plasma used for FFA 
analysis. Plasma FFA concentration was determined us- 
ing Duncombe’s modified FFA protocol.” 

This report focuses on the changes in FFA and glyc- 
erol during the 2-hour walks, under the 3 treatments, at 
25 and 45% of VO max. A previous report presented 
the cardiovascular data during the submaximal and 
maximal exercise tests for the hypertensive subjects.*! 
To assess the effects of each drug, the Biomedical Sta- 
tistical Package for 3-way analysis of variance 
(time, treatment, work rate) using repeated measures 
(BMDP2V) was used. The Neuman-Keuls post hoc 
analysis was used when differences between drugs or 
differences over time within a single exercise intensity 
were observed. Significance was established at p <0.05. 


RESULTS 

Untrained subjects: Increases in both plasma FFA 
and glycerol concentrations were observed during 2 
hours of treadmill walking in untrained hypertensive 
subjects; however, no significant differences between ex- 
ercise intensities (25 vs 45% VO2max) or between treat- 
ments (propranolol, pindolol, placebo) were seen. Since 
no differences were observed, FFA concentrations ob- 
tained from the 2 exercise intensities were averaged for 
a given time period for statistical purposes to establish a 
general trend in FFA concentrations over time (Figure 
1). Plasma glycerol concentrations were averaged in a 
similar manner (Figure 1). Plasma FFA concentrations 
increased significantly over time from rest through 120 
minutes of exercise. Increases in FFA concentrations 
between 30 and 120 minutes of exercise were also sig- 
nificant, indicating a sustained increase throughout ex- 
ercise, not just during the transition from rest to exer- 
cise. Plasma glycerol levels increased significantly over 
time from rest through 120 minutes of exercise, and be- 
tween 30 and 120 minutes. 

Respiratory exchange ratio values increased quickly 
within the first 30 minutes of exercise and then gradual- 
ly decreased between 30 and 120 minutes of exercise. 
No differences between treatments or between work 
rates were observed (Figure 1). When looking at the 
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general trend in respiratory exchange ratio over time, 
the values at rest were significantly lower than at 30, 60 
and 90 minutes of exercise. Significant decreases in res- 
piratory exchange ratio values were seen between 30 
and 120 minutes of exercise. 

Trained subjects: In the trained normotensive sub- 
jects, an increase in FFA concentration over time was 
observed during the 2-hour walks, but no differences 
were observed between exercise intensities (25 vs 45% of 
VO.max) or between treatments (propranolol, pindolol, 


"Bt: Propranolol 
——@— Pindolol 
——~“i— Placebo 
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FIGURE 1. Changes in free fatty acids (FFA), glycerol and 
respiratory exchange ratio (RER) during 2-hour walks in the 
untrained subjects. a = significantly different (p <0.05) from 
times O and 30 minutes; b = different (p <0.05) 
from time 0; and c = significantly different (p <0.05) from 
time 30 minutes. 
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placebo). When all FFA values for both exercise inten- 
sities were averaged for a given time period, the general 
trend showed FFA levels increasing over time (Figure 
2). FFA concentration increased significantly between 
30 and 120 minutes of exercise for all 3 treatments, al- 
though there was no significant increase during the first 
30 minutes compared to resting values when 8 blocked. 

No differences in glycerol concentrations between 
exercise intensiteis were seen. When averaged across 
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FIGURE 2. Changes in free fatty acids (FFA), glycerol and 
respiratory exchange ratio (RER) during 2-hour walks in the 
trained subjects. a = significantly different (p <0.05) from 


times O and 30 minutes; b = significantly different (p <0.05) 
from time 0; c = significantly different (p <0.05) from time 30 
minutes; and d = placebo significantly different compared to 
pindolol and propranolol. 
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the 2 exercise intensities, the general trend in plasma 
glycerols showed a significant increase between rest and 
120 minutes, and between 30 and 120 minutes of exer- 
cise (Figure 2). When glycerol concentrations between 
treatments were compared, significant differences were 
observed at 30 minutes of exercise. Glycerol concentra- 
tions during placebo administration were significantly 
higher than during propranolol and pindolol administra- 
tion. Differences between propranolol and placebo and 
between pindolol and placebo conditions at 60, 90 and 
120 minutes of exercise approached, but did not reach, 
statistical significance. It appears that 8 blockade atten- 
uated the onset of exercise-induced lipolysis in these 
trained subjects, but then had little effect on the subse- 
quent rate of rise of glycerol throughout the remaining 
90 minutes of exercise. 

Respiratory exchange ratio values increased quickly 
within the first 30 minutes of exercise, and then gradu- 
ally declined between 30 and 120 minutes of exercise. 
No significant differences between treatments or be- 
tween exercise intensities were observed. When all respi- 
ratory exchange ratio values for a given period of time 
were averaged across the 2 exercise intensities, a gradu- 
al decline was observed after 30 minutes of exercise 
(Figure 2), i.e., the values decreased significantly be- 
tween 30 and 120 minutes of exercise. At rest, the respi- 
ratory exchange ratio values were significantly lower 
than at 30, 60 and 90 minutes of exercise. 


DISCUSSION 

Because there are 2 independent variables differenti- 
ating the groups used in this study (i.e., trained versus 
untrained and normotensive versus hypertensive), no di- 
rect comparisons between groups are made. Therefore, 
the results for these 2 groups are discussed separately. 

Untrained subjects: During the 2-hour walks, plas- 
ma FFA and glycerol levels increased over time in the 
untrained hypertensive subjects. Thus, as the subject 
initiated activity, an increased sympathetic drive stimu- 
lated fat catabolism, thereby increasing the energy sup- 
ply to the working muscles. Within the first 60 minutes 
of exercise, this resulted in an increased amount of FFA 
and glycerol in the blood. The relative increase in glyc- 
erol levels was greater than the relative increase in FFA 
levels between rest and 30 minutes of exercise. Carlson 
et al24 showed that plasma FFA uptake and utilization 
are affected by the esterification and hydrolysis of mus- 
cle triglyceride during endurance exercise. According to 
Franz et al,4 in addition to the FFA oxidized, some 
plasma FFA may be used to continuously replace the 
hydrolyzed muscular triglycerides, thereby further re- 
ducing FFA in the blood. Also, according to Franz et 
al,4 glycerol levels are a better indicator of lipolytic rate 
than are FFA levels. As seen in Figure 1, glycerol levels 
continued to rise steadily in these untrained hyperten- 
sive subjects. FFA levels also increased, but this in- 
crease occurred primarily after 30 minutes of exercise. 
Hence, lipolysis did increase over time as indicated by 
the rising concentrations of plasma FFA and glycerol 
coupled with the decline observed in the respiratory ex- 
change ratio. With an increased reliance on fat as a 


primary substrate for energy, there is a decrease in the 
ratio of carbon dioxide produced/oxygen consumed, 
thereby reducing the respiratory exchange ratio value. 
Despite the fact that these subjects were working at a 
constant rate, an increased lipolysis and fat utilization 
were observed, largely independent of the treatment 
effects. 

No significant differences between treatments and 
between rates of work were demonstrated in these un- 
trained hypertensive subjects. This conflicts with a num- 
ber of studies that have reported attenuated lipolysis 
during therapy with 6-adrenergic blockade.*'’ Unfor- 
tunately, most of these studies used exercise protocols 
that were considerably different from those used in the 
present study. The exercise protocols used previously 
generally fall into 1 of 4 categories: steady-state sub- 
maximal exercise!>-!®.!8; graded exercise tests where the 
work rate was increased at specified intervals either to 
exhaustion or to some fixed rate of work”:!'; a combina- 
tion steady-state and graded exercise test to exhaus- 
tion45; or exercise to exhaustion at a fixed heart rate or 
a fixed percent of VO max. 67-12-1417 It is well known 
that both intensity and duration of exercise greatly in- 
fluence substrate utilization. Thus, differences in proto- 
col must be considered when interpreting differences 
in results between studies. All but 4 of the studies 
cited®.7!5.!6 used exercise intensities far in excess of 
those used in this study. 

Lundborg et al’ reported reduced FFA release dur- 
ing prolonged submaximal exercise (50% of VO,max) 
on a cycle ergometer to exhaustion with propranolol and 
placebo. Laustiola et alf reported results similar to 
Lundborg et al,’ when normotensive men exercised at 
50% of VO-max to exhaustion on a cycle ergometer. 
There are several possible reasons for the discrepancy 
between these studies and the data presented in this 
study. First, the average of the 2 exercise intensities 
used in the present study was slightly lower than those 
used in the 2 studies previously cited. Second, the hy- 
pertensive subjects in the present study were basically 
physically inactive with relatively low VO max values 
(with several exceptions). Therefore, exercising at 25 
and 45% of VO.max may not have been sufficient stim- 
uli to increase lipolysis to a greater extent than could be 
provided during therapy with (-adrenergic blockade. 
Trained subjects rely more on FFA, and thus may be 
affected more.2° Furthermore, the exercise bouts in the 
present study were terminated at 2 hours, whereas these 
other studies took their subjects to the state of exhaus- 
tion. In the studies of Hall? and Gullestad'® and their 
co-workers, the duration of exercise was only 20 and 
30 minutes, respectively, making comparisons with the 
present study difficult. 

Trained subjects: FFA concentrations in the trained 
subjects increased linearly over time after 30 minutes of 
walking. No differences between rates of work were ob- 
served. Glycerol concentrations also increased over time, 
and respiratory exchange ratio values declined over 
time. These trends indirectly demonstrate an increased 
reliance on fat as a primary energy source over time 
despite a constant rate of work. Although the rate of 
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lipolysis did increase, attenuated lipolysis was observed 
with both pindolol and propranolol compared with pla- 
cebo at 30 minutes of exercise. By 60 minutes of exer- 
cise, no differences between treatments were observed. 
Cleroux et al!’ also reported an attenuation in the rate 
of increase in both FFA and glycerol values with 8 
blockade during the first 30 minutes of exercise, after 
which time the rate of increase was similar to that for 
placebo conditions. Although no statistically significant 
differences existed, there was a tendency for plasma 
FFA and glycerol concentrations to be higher during 
placebo administration than during propranolol and 
pindolol administration. The respiratory exchange ratio 
values also tended to be lower with placebo than with 
propranolol and pindolol. During therapy with 6-adre- 
nergic blockade, lower FFA and glycerol levels and 
higher respiratory exchange ratio values than those dur- 
ing placebo therapy provide indirect evidence that lipol- 
ysis was attenuated. The present observation of a ten- 
dency to attenuate lipolysis with 6-adrenergic blockade 
is in agreement with other studies conducted in both 
normotensive®’?"'!,!417 and hypertensive sub- 
jects.4>8.1213 However, the ISA characteristic of pindo- 
lol was of no real benefit to these trained, normotensive 
subjects, since the degree of attenuation of lipolysis was 
not significantly different between pindolol and pro- 
pranolol trials. Perhaps the ISA property in pindolol is 
not effective in endurance-trained subjects at these low 
rates of exercise. Because these persons have an in- 
creased ability to metabolize fat as a result of their 
training,” they may be more “sensitive” to blockade of 
their 8-receptor sites. Martin et al" showed that adipo- 
cytes in humans have an increased sensitivity to cate- 
cholamines when endurance trained. Therefore, even 
the ISA property may not be as effective as it should in 
minimizing the degree that lipolysis is attenuated. 

Although direct comparisons between these trained 
normotensive and untrained hypertensive subjects can- 
not be made, reasons for the differences observed be- 
tween groups may be hypothesized. The trained subjects 
had lower respiratory exchange ratio values than the 
untrained subjects at rest and at 120 minutes of exer- 
cise. This indicates a greater reliance on 8 oxidation and 
fat metabolism. With 8 blockade, a tendency to atten- 
uate lipolysis was not found in the untrained subjects. 
Perhaps the work rates performed by the untrained sub- 
jects did not require a greater delivery of FFA than 
could be supplied during therapy with 6 blockade; thus, 
no differences between treatments were observed. The 
trained subjects, however, by the nature of their train- 
ing, had an increased ability to use fat. The rates of 
work they performed were much higher and may have 
required more FFA than could be supplied during ther- 
apy with -adrenergic blockade; therefore, a tendency 
demonstrating differences between treatments was ob- 
served. 

In line with this discussion, a number of the trained 
subjects had difficulty completing the 2-hour walk at 
45% of their VO max, and 2 of the subjects were not 
able to complete >1 hour at this intensity. It is possible 
that either or both decreased lipolysis (intramuscular or 
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extramuscular) or alterations in potassium metabolism 
contributed to this difficulty at these higher rates 
of work. 

Thus, it has been demonstrated that 6-adrenergic 
blockade does not lower the rate of lipolysis in untrained 
hypertensive subjects when compared to similar trials 
administering placebo during exercise at 25 and 45% of 
VO max. It is important to note that these rates of work 
are more typical of the rates of work experienced by 
most persons who are prescribed -blocking drugs. In 
trained normotensive subjects, although differences in 
FFA, glycerol and respiratory exchange values were not 
statistically significant when comparing the 3 treat- 
ments across all time periods, 8 blockade had a tenden- 
cy to attenuate FFA and glycerol levels, when com- 
pared to placebo conditions. This provides indirect evi- 
dence that lipolysis was attenuated in these trained 
subjects. No direct benefit could be attributed to the 
ISA property. Finally, at these rates of work, lipolysis 
does not appear to be a limiting factor, and more than 
likely does not explain the fatigue experienced by most 
patients who are prescribed 6-blocking drugs. 
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Effects of Renin Inhibition in 
Systemic Hypertension 


Pamela W. Anderson, MD, Yung S. Do, PhD, Morris Schambelan, MD, Richard Horton, MD, 
Robert S. Boger, MD, Robert R. Luther, MD, and Willa A. Hsueh, MD 


The effect of the direct renin inhibitor enalkiren 


(Abbott Laboratories) was examined in 8 healthy 
patients with essential hypertension. With an unre- 
stricted sodium diet, plasma renin concentration 
was inhibited within 10 minutes by intravenous en- 
alkiren and remained essentially undetectable for 
=6 hours (11.9 + 4 to 1.0 + 0.6 ng angiotensin I/ 
mi/hour, p <0.05). Mean arterial blood pressure 
declined gradually (108 + 5 to 84 + 4 mm Hg, p = 
0.02), as did plasma aldosterone concentration 
(14.4 + 3.8 to 4.4 + 0.8 ng/dl, p = 0.03), whereas 
plasma immunoreactive active renin concentration 
increased progressively (35 + 14 to 160 + 60 pg/ 
mi, p >0.05). Urinary excretion of the stable me- 
tabolite of prostacyclin (6-keto-prostaglandin E: 
decreased slightly, but not significantly (42 + 10 to 
33 + 11 ng/g creatinine, p = 0.13). The addition of 
a diuretic decreased baseline blood pressure and 
increased baseline plasma renin and aldosterone 
values. Blood pressure responses to enalkiren were 
slightly (though not significantly) greater than 
those observed before diuretic administration. We 
conclude that enalkiren is effective in decreasing 
blood pressure and in inhibiting the renin system, 
without significantly altering urinary prostacyclin 
excretion, in patients with essential hypertension. 
These results suggest that the renin system con- 
tributes to the maintenance of elevated blood pres- 
sure in some patients with essential hypertension. 
(Am J Cardiol 1990;66:1342-1347) 
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tem with converting enzyme inhibitors is clinically 
effective in controlling blood pressure in many 
hypertensive patients, regardless of their baseline plas- 
ma renin activity.' However, the hypotensive effect of 
such drugs may be due to actions other than the block- 
ade of angiotensin II production, because the inhibition 
of the converting enzyme may lead to decreased degra- 
dation of kinins and to stimulation of vasodilating pros- 
taglandins,*-+ which also may contribute to the decrease 
in blood pressure in response to converting enzyme in- 
hibitors. In contrast, renin carries out the first and rate- 
limiting step in the renin-angiotensin cascade and is 
known to have only | substrate, angiotensinogen. There- 
fore, renin inhibitors offer the advantage of providing 
specificity in determining the role of the renin system in 
hypertensive states.° 
Enalkiren, a potent inhibitor of primate renin, acts 
as a substrate analog, mimicking the transition state of 
the renin-angiotensinogen complex.® Previous studies in 
normotensive’ and hypertensive humans®~!° have dem- 
onstrated prolonged suppression of plasma renin activity 
(up to 24 hours) after a single drug dose, despite an 
estimated half-life of only 1.6 hours.’ In contrast, enal- 
kiren administration has little effect on blood pressure 
in normotensive subjects,’ whereas its effect on blood 
pressure in hypertensive volunteers is variable.’-!° The 
present study was undertaken to determine the effect of 
renin inhibition on blood pressure, the renin system and 
urinary prostacyclin excretion in hypertensive subjects, 
in order to better define the role of the renin system in 
the maintenance of essential hypertension. 


Ber of the renin-angiotensin aldosterone sys- 


METHODS 

Experimental protocol: Eight healthy patients with 
essential hypertension (Table I) stopped all medications 
and maintained an unrestricted sodium diet for 10 days 
as Outpatients. The day before testing, patients were ad- 
mitted to the General Clinical Research Center at Los 
Angeles Coeunty/University of Southern California 
Medical Center. The study was approved by the Hu- 
man Research Committee and all subjects gave their 
written informed consent. 

On the morning after admission, patients were kept 
fasting except for sips of water and placed in a seated 
position. Increasing intravenous doses of enalkiren (ve- 
hicle only, then 0.03, 0.1, 0.3 and 1.0 mg/kg) were ad- 
ministered at 45-minute intervals. Each dose was given 
over 5 minutes, using a 1.0 mg/ml solution. Blood pres- 





4 


sure was monitored automatically at 5-minute intervals 
by DINAMAP (Critikon, Tampa, Florida) from 30 
minutes before the first dose until 2 hours after the last 
dose was given, with additional blood pressure measure- 
ments taken 4 and 6 hours after the last dose. Plasma 
renin concentration was measured at baseline, 10 and 
45 minutes after each dose, and 2, 4 and 6 hours after 
the last drug dose. Plasma aldosterone concentration 
was measured at baseline and 45 minutes after each 
dose, and 2, 4 and 6 hours after the last drug dose. Four 
patients had plasma immunoreactive active renin mea- 
sured at baseline, 45 minutes after each dose and 2 
hours after the last dose. Four patients also had timed, 
matched urine collections for urinary prostacyclin col- 
lected in the afternoon of the day before testing and in 
the afternoon of the day of testing, with urine collection 
started immediately after the last drug dose. 

To achieve salt depletion, patients were then placed 
on hydrochlorothiazide 25 mg orally twice a day for 7 
days. Patients were then readmitted and the study was 
repeated. 

Analytic procedures: All blood samples were collect- 
ed into tubes containing EDTA, promptly centrifuged 
and stored at —20°C until assayed. Urine was promptly 
frozen at —20°C until assayed. Plasma renin concentra- 
tion (which measures the enzymatic ability of plasma to 
generate angiotensin I [Ang I] in the presence of a non- 
limiting concentration of substrate) was determined as 
previously described in detail.!! Plasma immunoreactive 
active renin concentration was determined using a novel 
immunoradiometric assay that uses an antibody direct- 
ed against the active site of renin.'* Plasma aldosterone 
was assayed by a specific radioimmunoassay.'? Urinary 
prostacyclin was determined by measuring the stable 
metabolite of prostacyclin (6-keto-prostaglandin F 
[PGF]ia) by a method previously described.’ 

Statistical analysis: Results are expressed as the 
mean + standard error of the mean. Normally distrib- 
uted data were analyzed with the 2-tailed Student’s t 


(mmHg) 


<—— Vehicle 


FIGURE 1. Response of mean arterial 
blood pressure to increasing doses of enal- 
kiren in hypertensive patients studied 
without (closed bullets) or with (open bul- 
lets) diuretic twice a day for 1 week. Both 
groups show a significant, progressive de- 
crease in blood pressure in response to en- 
alkiren, although the diuretic-treated 
group had a lower starting mean arterial 
pressure and received only the vehicle, 
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<— 0.03 mg/kg 


Baseline 
Urinary 
Sodium 
(mg Nat / 
24 hrs) 


Maximal 
Decrease 
in BP 


Baseline 
Renin 

(ng Ang!/ 
ml /hr) 


Baseline 
MAP 
(mm Hg) 


41+5 11.944 108 +4 LA 3145 


Ang | = angiotensin |; B = black; BP = blood pressure; H = Hispanic; MAP = mean 
arterial pressure; O = oriental; W = white. 





test for paired data, and abnormally distributed data 
were analyzed using the Wilcoxon signed rank tests. All 
statistical analysis and graph construction were per- 
formed with the assistance of the CLINFO VAX com- 
puter system. 


RESULTS 

Mean arterial blood pressure: Mean arterial blood 
pressure declined progressively as the dose of enalkiren 
was increased (108 + 5 to 84 + 4 mm Hg; Figure 1); 
this decrease was significant after the first dose (p = 
0.02). Blood pressure continued to decrease after the 
drug was stopped; 4 hours after the last dose, it was 81 
+ 6 mm Hg. Six hours after the last drug dose, it was 
still below baseline values (94 + 5 mm Hg). There was 
no correlation between either baseline urinary sodium 
excretion or baseline plasma renin concentration and 
the maximal decrease in blood pressure that occurred in 
response to enalkiren (Table I). 

After diuretic administration, blood pressure de- 
creased; it also declined progressively in response to en- 
alkiren (85 + 11 to 57 + 17 mm Hg; Figure 2). A 
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significant decrease in blood pressure was again seen 
with the first dose (p = 0.0001). Because of the brisk 
response, the 2 largest doses (0.3 and 1.0 mg/kg) were 
not given. Four hours after the last dose, blood pressure 
had recovered somewhat (77 + 14 mm Hg), but 6 
hours after the last dose, it was still below baseline val- 
ues (80 + 10 mm Hg). 

Plasma enzymatic activity of renin: Before diuretic 
treatment, plasma renin concentration fell to barely de- 
tectable levels 10 minutes after the smallest dose of en- 
alkiren was administered (11.9 + 4 to 1.0 + 0.6 ng Ang 
I/ml/hour) and remained very low or undetectable 
(<0.5 ng Ang I/ml/hour) for 6 hours after the last dose 
(Figure 2; p <0.05). 

After diuretic treatment, plasma renin was appropri- 
ately higher. However, it also decreased rapidly and sig- 
nificantly after the smallest dose of enalkiren (28.6 + 
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9.9 to 0.3 + 0.3 ng Ang I/ml/hour) and remained un- 
detectable (<0.5 ng Ang I/ml/hour) 6 hours after the 
last dose (Figure 2; p <0.05). 


Plasma aldosterone concentration: Before diuretic — 


treatment, plasma aldosterone decreased progressively 
in response to enalkiren (14.4 + 3.8 to 4.4 + 0.8 ng/dl); 
this decrease was significant after the first dose (p = 
0.03). Six hours after the last dose, plasma aldosterone 
had increased to 11.3 + 4 ng/dl, still below baseline 
values (Figure 3). 

After diuretic treatment, plasma aldosterone was ap- 
propriately elevated (33 + 5 ng/dl). In response to enal- 
kiren, it decreased progressively to 20 + 4 ng/dl; this 
decrease was significant after the second dose (p = 
0.02). Six hours after the last dose, plasma aldosterone 
increased (21.6 + 4.6 ng/dl), but was still below base- 
line values (Figure 3). 


FIGURE 2. Response of plasma renin con- 
centration to increasing doses of enalkiren 
in hypertensive patients studied without 
(closed bullets) or with (open bullets) diu- 
retic twice a day for 1 week. There was 
rapid, complete and significant inhibition 
of renin with the first dose of enalkiren in 
both groups. Six hours after the last dose 
of drug, renin was still inhibited. When pa- 
tients ingested diuretics, they had appro- 
priately elevated renin, but suppression to 
virtually undetectable levels still occurred. 
Al = angiotensin I. 


450 


FIGURE 3. Response of plasma aldoste- 

rone concentration to increasing doses of 
enalkiren in hypertensive patients without 
(closed bullets) or with (open bullets) diu- 
retic twice a day for 1 week. There was a 
modest but significant decrement in aldo- 
sterone in response to increasing doses of 
enalkiren. When ingesting diuretics, pa- 

tients had appropriately elevated aldoste- 
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Plasma immunoreactive renin: Before diuretic treat- only a small number (4 patients) were sampled (Figure 

ment, plasma immunoreactive active renin increased 4). 
with enalkiren and continued to increase after the drug After diuretic treatment, plasma immunoreactive 
was discontinued (35 + 14 to 160 + 60 pg/ml). How- active renin was appropriately elevated (149 + 44 pg/ 
g ever, this increase was not significant, probably because ml), increased in response to enalkiren, and continued to 
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FIGURE 4. Response of plasma immuno- 
reactive active renin concentration to in- 
creasing concentrations of enalkiren in hy- 
pertensive patients studied without (closed 
bullets) or with (open bullets) diuretic 
twice a day for 1 week. There was a slow, 
insignificant increase in immunoreactive 
active renin in response to increasing 
doses of enalkiren in patients without diu- 
retic. When patients ingested diuretics, 

E” they had higher baseline immunoreactive 

| active renin, which increased significantly 
after the second dose. 
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increase after the drug was stopped (up to 382 + 117 
pg/ml); this increase was significant after the second 
dose (p = 0.02). 

Urinary prostacyclin: Before diuretic treatment, 6- 
keto-PGF;« excretion decreased slightly (42 + 10 to 33 
+ 11 pg/g creatinine) but not significantly after enal- 
kiren (p = 0.29; Figure 5). 

After diuretic treatment, 6-keto-PGF,, excretion 
again decreased slightly but not significantly in response 
to enalkiren (42 + 8 to 32 + 4 pg/g creatinine) (p = 
0.13; Figure 5). 


DISCUSSION 

The present investigation demonstrates that the 
short-term administration of the renin inhibitor enal- 
kiren inhibited the renin system and decreased blood 
pressure in 8 patients with essential hypertension. The 
duration of enalkiren’s effects on the renin system and 
blood pressure were long-lasting, which is consistent 
with previous studies in human subjects.’~!° In contrast 
to converting enzyme inhibitors, enalkiren appears to 
have little effect on renal prostacyclin production. Thus, 
the major mechanism of action of enalkiren appears to 
be mediated through its effects on renin. 

In previous studies of normotensive, salt-replete hu- 
mans, a rapid decrease in plasma renin activity and 
plasma angiotensin II concentration was noted in re- 
sponse to enalkiren with no change in blood pressure.’ 
This lack of blood pressure reduction, despite sup- 
pressed plasma angiotensin II levels, is similar to that 
seen when normotensive volunteers are given converting 
enzyme inhibitors.'* In contrast, while our 8 hyperten- 
sive patients demonstrated rapid inhibition of plasma 
renin concentration, and a significant change in another 
parameter of the renin system, plasma aldosterone con- 
centration, they also demonstrated consistent and signif- 
icant decreases in blood pressure in response to enal- 
kiren. This difference in blood pressure response oc- 
curred despite the fact that our patients received similar 
amounts of enalkiren and had similar average 24-hour 
urinary sodium excretion compared to the normotensive 
subjects in the aforementioned study. Reports by other 
investigators using enalkiren in hypertensive subjects 
have also noted rapid inhibition of plasma renin concen- 
tration. However, one study was unable to show a sig- 
nificant blood pressure reduction in hypertensive sub- 
jects using similar amounts of enalkiren to those used in 
the present study,® whereas other investigators noted a 
clear-cut blood pressure response to increasing doses of 
enalkiren.?:!° Thus, in contrast to normal subjects, the 
renin system appears to contribute to the maintenance 
of elevated blood pressure in some patients with essen- 
tial hypertension. 

Of interest in the present study was the finding of no 
relation between the baseline urinary sodium excretion 
or the baseline plasma renin concentration and the total 
maximal decrease in blood pressure (Table I). A similar 
dissociation between baseline plasma renin activity and 
blood pressure response is often observed in hyperten- 
sive patients given converting enzyme inhibitors;!> pa- 
tients with low baseline plasma renin activity may re- 
spond well to converting enzyme inhibitor administra- 


1346 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 66 






tion.! That there is some relation between sodium status 
and degree of response to enalkiren is seen by the fact 
that the rate of blood pressure decline in patients receiv- 
ing diuretics was slightly steeper than in salt-replete pa- 
tients for the same dose of enalkiren; however, the 
Slopes of the 2 lines are not significantly different. 

The mechanism by which enalkiren decreases blood 
pressure may be more complex than inhibition of plas- 
ma renin. It has been suggested that the dissociation in 
time of the plasma renin activity and blood pressure re- 
sponse illustrates the relative importance of tissue renin 
systems, as opposed to plasma renin, in the maintenance 
of blood pressure'®!? and that the slow decrease in 
blood pressure might be explained by slow drug pene- 
trance into tissue. However, investigations in marmo- 
sets, using a different renin inhibitor, have demon- 
strated no tissue renin system inhibition 30 minutes af- 
ter the drug was given despite inhibition of plasma renin 
and a significant decrease in blood pressure.”° It is pos- 
sible that reduction of blood pressure soon after the ad- 
ministration of a renin inhibitor may be due to the inhi- 
bition of circulating plasma renin activity; later reduc- 
tions in blood pressure may be due to the inhibition of 
tissue renin systems. 

Whether direct renin inhibition will prove to be more 
useful than converting enzyme inhibition remains to be 
determined. A therapeutic agent that affects the renin 
system alone may have advantages over converting en- 
zyme inhibitors: (1) Because some of the adverse effects 
of converting enzyme inhibitors (e.g., cough and angio- 
neurotic edema) may be due to non-renin system effects 
of the drugs,’ therapy with agents that target only the 
renin system might alleviate some of these troubling 
side effects; (2) The effect of blood pressure reduction 
caused by converting enzyme inhibitors may be lost af- 
ter long-term administration because of the reflex in- 
crease in plasma renin activity, which may allow gener- 
ation of angiotensin II;*! (3) Studies at the tissue level 
in rats’? suggest that renin inhibitors and converting en- 
zyme inhibitors may have different effects in the sup- 
pression of the local renin-angiotensin system. 

Further clinical applications of renin inhibitors re- 
main to be investigated, since converting enzyme inhibi- 
tors are currently used as first-line agents in the treat- 
ment of a number of human illnesses. Use of a direct 
renin inhibitor may help us elucidate the role of the re- 
nin system in the pathogenesis of these diseases. 
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CONGESTIVE HEART FAILURE 


Importance of Hemodynamic Response to 
Therapy in Predicting Survival with Ejection 
Fraction <20% Secondary to Ischemic or 
Nonischemic Dilated Cardiomyopathy 


Lynne Warner Stevenson, MD, Jan H. Tillisch, MD, Michele Hamilton, MD, 
Michael Luu, MD, Catherine Chelimsky-Fallick, MD, Jaime Moriguchi, MD, 
Jon Kobashigawa, MD, and Julie Walden, RN 





To identify patients with left ventricular ejection 
fractions <20% who are likely to survive on tai- 
lored medical therapy after referral to transplanta- 
tion, this study of 152 patients addressed the hy- 
potheses that (1) severely elevated filling pressures 
initially measured at referral would not necessarily 
predict poor outcome, (2) survival would be best 
when low pulmonary wedge pressures could be 
achieved with therapy tailored for hemodynamic 
goals, and (3) coronary artery disease would be an 
independent risk factor for early mortality. Despite 
an average initial ejection fraction of 0.15, cardiac 
index of 2.0 liters/min/m? and pulmonary artery 
wedge pressure of 28 mm Hg, the actuarial surviv- 
al with tailored therapy was 63% at 1 year, with 
34 of 41 (83%) deaths occurring suddenly. Surviv- 
al was not related to initial filling pressure eleva- 
tion, but was best predicted by the pulmonary ar- 
tery wedge pressures during therapy; patients 
achieving pressure of <16 mm Hg had 1-year sur- 
vival of 83 vs 38% (p = 0.0001). The other inde- 
pendent predictors were serum sodium and coro- 
nary artery disease. Patients with high filling pres- 
sures during therapy and coronary artery disease 
had 21% survival at 1 year. Survival after referral 
to transplantation with an ejection fraction <20% 
is better than previously described. Patients in 
whom left ventricular filling pressures cannot be 
adequately reduced by tailored therapy, particular- 
ly if coronary artery disease is present, should be 
considered for early transplantation. 

(Am J Cardiol 1990;66:1348-1354) 
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improve survival in patients with ejection frac- 

tions <20%.! However, the current shortage of 
donor hearts has created long waiting lists and it is nec- 
essary to identify potential candidates who are nonethe- 
less likely to survive without early transplantation. Clin- 
ical factors predicting outcome in a heterogeneous pop- 
ulation with ejection fractions <35% usually reflect 
decompensation and are thus unhelpful in patients re- 
ferred for transplantation with an ejection fraction 
<20%. Prognosis has been compared to hemodynamic 
measurements at presentation,+°> which in patients re- 
ferred for transplantation may reflect more the vigor of 
previous therapy than the potential for survival on opti- 
mal therapy. Because most deaths occur early after 
evaluation, it would be useful to identify high- and low- 
risk groups at the time of discharge. 

Despite previous therapy with vasodilators, digoxin 
and diureties, most patients have severely elevated pul- 
monary artery wedge pressures at the time of referral to 
transplantation.® Therapy tailored specifically to lower 
pulmonary artery wedge pressure minimizes ventricular 
volume and mitral regurgitation’ while maximizing car- 
diac outputë and improving clinical status,’ but it is not 
known whether the achievement of low filling pressures 
during therapy predicts subsequent outcome without 
transplantation. To address the following hypotheses, 
we compared survival without transplantation to the he- 
modynamic profile before and after therapy in 152 con- 
secutive patients with ejection fractions <20% who were 
discharged after evaluation for cardiac transplantation: 
(1) Severe mal elevation in pulmonary artery wedge 
pressure would not necessarily predict poor outcome; 
and (2) survival would be best in patients in whom the 
lowest pulmonary artery wedge pressure could subse- 
quently be achieved. Because patients with heart failure 
due to coronary artery disease have the additional 
risks of reinfarction and primary reentrant ventricular 
tachyarrhythmias, we also hypothesized that (3) coro- 
nary artery disease would be an independent risk factor 
for higher mortality without transplantation. 


(inv transplantation has been recommended to 


METHODS 
All adults referred for cardiac transplantation with a 
diagnosis of ischemic or nonischemic dilated cardiomy- 
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All Patients 
(n= 152) 


45413 
133/19 
0.15 + 0.03 

33 + 34 


Age (yrs) 

Male /female 

Ejection fraction 

Duration symptoms of CHF 
(mos) 

Previous vasodilator therapy 

Activity limitation’ 

Orthopneat 

Mean left ventricular end-diastolic 
diameter (mm) 

Mean left atrial diameter (mm) 

Mean serum sodium 


106/152 (70%) 
3.340.7 
2.741.2 
77+10 


50+9 
1356 


* p <0.05 difference between coronary artery disease and nonischemic cardiomyopathy. 
t O to 4 scale (see Methods). 

Values are expressed as mean + standard deviation. 
CHF = congestive heart failure. 





y opathy underwent a standard procedure of evaluation 


and therapy since 1985. Patients >70 years of age or 
with a primary noncardiac medical condition felt itself 
to limit 1-year survival were excluded from this study. 
Coronary arteriography was performed, with coronary 
artery disease considered significant if a narrowing of 
>70% in diameter had been documented in a major ar- 
tery. Because all patients are between classes IHI and IV 
by New York Heart Association criteria, clinical status 
is measured more specifically on a 0 to 4 scale separate- 
ly for activity limitation and orthopnea as previously de- 
scribed.!° Left ventricular ejection fraction was mea- 
sured by radionuclide angiography or 2-dimensional 
echocardiography. This study included only patients 
with ejection fractions <20%. 

Full transplant evaluation included measurement of 
pulmonary vascular resistance with a pulmonary artery 
flotation catheter, which was left in place in patients 
with pulmonary artery wedge pressure 220 mm Hg or 
a cardiac index <2.2 liters/min/m?, or both. Hemody- 
namic measurements were repeated hourly for 2 to 4 
hours without meals or change in prior medication. 
Thermodilution cardiac outputs were performed with 
iced solution in triplicate or until 3 readings agreed 
within 10%. Patients in whom hemodynamic parame- 
ters remained outside the criteria then discontinued pre- 
vious medications and underwent tailored therapy, as 
previously described to minimize mitral regurgitation 
and maximize cardiac output.’* Intravenous nitroprus- 
side and diuretics were titrated to approach the hemo- 
dynamic goals of pulmonary wedge pressure < 15 mm 
Hg and systemic vascular resistance of $1,200 dynes: 
s«em~> while maintaining systolic blood pressure at 280 
mm Hg. After these goals were reached or after 48 
hours had elapsed, oral vasodilators (captopril or hy- 
dralazine and isosorbide dinitrate) were added to main- 
tain optimal hemodynamics during nitroprusside wean- 
ing. Digoxin therapy was maintained or begun unless 
there were specific contraindications. 

Hemodynamics were measured during oral therapy 
after 24 dosing intervals before catheter removal. 


Se ae ER A a Rs sata Sage i coh CAE es 
en ee bee ngs Héi Lë Ee SON ek nd ES, es Ou Sep 
d eh ebe < bi. ki ga F a D 


Nonischemic 


Coronary Artery 
Disease Cardiomyopathy 


(n = 96) 


41413 
81/15 
0.14 + 0.03 

30 + 30 


0.16+0.03 
37 +40 


72/96 (75%) 
3.32077 
2941.2 
77+10 


34/56 (61%) 
3.2+0.6 
2.54+1.3 
76411 


49+8 
13546 


5249 
13446 


(Baseline hemodynamics were also final hemodynamics 
in 15 patients in whom previous oral therapy was not 
altered.) Patients were then observed for 24 to 48 hours 
for initial adjustment of oral diuretics and potassium 
and for patient education regarding the flexible regimen 
of loop diuretics with intermittent metolazone to main- 
tain weight within 2 pounds of discharge weight. 

Transplantation was recommended to all patients 
who were eligible in terms of irreversible disease, recent 
history of severe symptoms and absence of major non- 
cardiac illness.!! After discharge, all patients were seen 
weekly until clinical stability was demonstrated,'? and 
thereafter every 2 to 12 weeks as needed. 

Survival curves were calculated with the product- 
limit (Kaplan-Meier) estimate, using the BMDP sta- 
tistical package,'? candidates for transplantation were 
withdrawn at the time of transplantation. Survival was 
also recalculated including the 6 urgent transplants as 
deaths. Death was considered sudden if it occurred out 
of the hospital, during sleep or within 15 minutes of the 
onset of symptoms. Death during hospitalization for 
worsening congestive symptoms was considered a heart 
failure death. 

Univariate analysis was performed using the base- 
line variables of age, presence of coronary artery dis- 
ease, symptom duration, activity limitation, orthopnea, 
ejection fraction, echocardiographic left ventricular di- 
ameter, serum sodium, creatinine and blood urea nitro- 
gen. Hemodynamic variables of heart rate, blood pres- 
sure, right atrial, pulmonary artery systolic and pul- 
monary wedge pressures, cardiac index, and systemic 
vascular resistance were included both from admission 
and after tailoring of therapy. Variables significant with 
a p value <0.10 in univariate analysis were entered into 
the Cox proportional-hazards regression model, which 
retained all independent variables with a p value <0.10. 

To facilitate identification of high- and low-risk pa- 
tients in a way that could be clinically useful, survival 
curves were compared for specific criteria. For continu- 
ous variables, survival was compared for patients divid- 
ed into 2 groups according to population means for each 


THE AMERICAN JOURNAL OF CARDIOLOGY DECEMBER 1, 1990 1349 





y 7 eee hb de i de? al D d 
Gei HA At E HEEN, | GË CEET, ANEN E TL Sole NET ET SEN, 












f d fe 
4 Wa ics! < = 


: EF a 

Me es 
beth, "aaa 

anes e 


K A 


P 





< ` 
37D Sy = a! z 
z £ r Ki 

















































= | TABLEH Patients Referred for Transplantation with Ejection Fraction <20%: Hemodynamics Before and After Tailored Therapy 
a SG Coronary Artery Nonischemic 
"ei All Patients Disease Cardiomyopathy 
Sere (n= 152) (n = 56) (n = 96) 
ES Before * ` After Before $ After Before 8 After 
P Pressures 
mo: Right atrium 1347 7+4 1347 744 1347 7+4 
al Pulmonary artery systolic 55 + 16 42+12 60 + 16 45+ 141 93 +15! 41+10! 
e Pulmonary arterial wedge 28+9 176 28 +8 1846! 2849 16+6! 
‘Ag Systemic arterial 85+11 76+10 85+10 77+9 84412 76410 
Bis Cardiac index (liters /min dm?" 2.0+0.6 2.7+0.6 2.040.6 2.6+0.51 2.0+0.7 2840.71 
oe Systemic vascular 1,700 + 700 1,150 + 250 1,700 + 600 1,200 + 2301 1,700 + 700 1,100 + 2501 
Ge resistance (dynes-s-cm~>) 
b, Heart rate (beats /min) 94415 94415 88 + 13t 88 + 101 98+ 121 98 + 10t 
| 4 * Therapy caused significant differences in all parameters except heart rate. l 
A t p <0.05 difference between patients with coronary artery disease and patients with nonischemic cardiomyopathy. 
y Values are expressed as mean + standard deviation. 
S TABLE Ili Comparison of Patients with Successful Reduction of Elevated Pulmonary Artery Wedge (PAW) Pressures* to Patients 
a with Persistent Elevation of PAW Pressures 
E Successful Persistent 
Lë Reduction of Elevation of 
KR: PAW Pressure PAW Pressure 
D (n=61) (n = 70) 
4 Bs At referral 
ay Right atrial pressure(mm Hg) 1447 15+7 
E gd Pulmonary artery wedge pressure (mm Hg) 3147 3146 
n Cardiac index (iers "min /m?) 1.9+0.7 1.9+0.6 
S Systemic vascular resistance (dynes-s-cm~>) 1,700 + 600 1,750 +700 
j On tailored therapy 
g Pulmonary artery wedge pressure (mm Hg) 13+3 (by definition) 2244 
W Right atrial pressure{mm Hg) 544 t 944 
"3 Cardiac index (liters "mm /m2) 2.8+0.7 t 2.5+0.5 
a Systemic vascular resistance (dynes-s-cm~°) 1,100 + 230 t 1,200 + 280 
4 Mr A 21 patients with initial pulmonary artery wedge pressures <16 mm Hg. 
K Values are expressed as mean + standard deviation. 
g A 
RB: significant parameter. Differences between 2 curves monary artery wedge and right atrial pressures to be 
= were assessed with the Mantel-Cox statistic.!2 Group associated with poor prognosis for patients with heart 
~. averages are expressed as mean + standard deviation. ` failure.) At the time of referral, 106 of 152 patients 
G (70%) were already receiving vasodilators: converting 
8 RESULTS enzyme inhibitors (n = 82), hydralazine (n = 22) or 
oa The initial profile of the 152 patients (Table I) prazosin (n = 2). Tailored therapy decreased pulmo- 
P showed the average ejection fraction, cardiac index, pul- nary wedge and right atrial pressures by 39 and 41%, 
k with a simultaneous 49% increase in cardiac index and 
hi a 26% decrease in systemic vascular resistance (Table 
‘a D IT). The average serum sodium (135 mEq/liter) did not 
Cé = change during the 24 to 72 hours between baseline and 
E: E tailored therapy. 
K- = After discharge on tailored afterload reduction, ac- 
Kr ta tuarial survival was 73% at 3 months and 63% at 1 year 
as £ (Figure 1). Death occurred suddenly out of the hospital 
i S in 34 of 41 (83%) deaths. Hospitalization for hemody- 
| ZS namic decompensation (symptomatic fluid retention, 
Er, e rising creatinine levels, or clinical evidence of resting hy- 
A poperfusion) resulted in death in 7 patients. Transplan- 
ae 6 9 12 15 18| tation was performed in 43 of 152 patients, only 6 of 
I ja ` whom showed clinical deterioration requiring hospital- 


Months on Tailored Therapy 





ization and a change to urgent status before transplan- 





ee Ger erger | , tation. Recalculation including these 6 urgent trans- _ 
eege after referral for transplantation with ejection plantations as deaths yielded a survival of 61.6% at 
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wedge pressure during therapy was 22 + 5 mm Hg. The 
remainder of transplants were done without high priori- 
ty in outpatients who were not different in any parame- 
ters from the remainder of the group. 

Univariate analysis of age, symptom duration, activ- 
ity limitation, orthopnea, left ventricular ejection frac- 
tion, left ventricular end-diastolic dimension, presence 
of coronary artery disease, serum sodium and baseline 
hemodynamics showed the only baseline predictors to 
be etiology (p = 0.008), serum sodium (p = 0.014) and 
cardiac index (p = 0.024). During tailored therapy, 
right- and left-sided filling pressures, cardiac index and 
systemic vascular resistance were predictive. Serum so- 
dium did not change significantly during the 24 to 72 
hours of therapy. 

All variables significant from univariate analysis 
were included in multivariate analysis. The independent 
predictors of overall mortality were high final pulmo- 
nary artery wedge pressure during therapy (p = 0.005), 
low serum sodium (p = 0.033) and the presence of coro- 
nary artery disease (p = 0.063). Sudden death was pre- 
dicted independently by the final pulmonary artery 
wedge pressure (p = 0.009) and the presence of coro- 
nary artery disease (p = 0.076). 

To determine the clinical use of these predictors for 
individual patients, the likelihood of survival was com- 


FIGURE 2. Relation between survival and 
pulmonary artery wedge (PAW) pressure 
at baseline and on tailored therapy in 152 
patients discharged after referral for car- 
diac transplantation with ejection fractions 
<20%. 
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FIGURE 3. Relation between the presence 
of coronary artery disease (CAD) and sur- 
vival in 152 patients discharged on tai- 
lored therapy after referral for cardiac 
transplantation with ejection fraction 
<20%. CM = cardiomyopathy. 


% Probability of Survival 


pared for groups above and below the average parame- 
ter value. When the final pulmonary wedge pressure 
was >16 mm Hg during tailored oral therapy, the prob- 
ability of l-year survival was 38% compared to 83% 
when the pressure could be reduced to <16 mm Hg (p 
= 0.0001). However, the initial pulmonary wedge pres- 
sure did not predict survival either in the Cox regression 
or when patients were grouped by initial pulmonary 
wedge pressure 228 mm Hg (57 vs 72% at 1 year, p = 
0.20). Survival was also analyzed after excluding the 21 
patients with an initial pulmonary wedge pressure <16 
mm Hg who had a 95% 1-year survival; among the 131 
patients with initial pressure >16 mm Hg, achievement 
of a final pressure <16 mm Hg identified a group with 
a l-year survival of 79% compared to 33% (p = 0.0012) 
(Figure 2). Patients with initial pulmonary wedge pres- 
sures >16 mm Hg who could subsequently achieve low- 
er pressures and better survival had the same baseline 
hemodynamics (average initial pulmonary wedge pres- 
sure 31 mm Hg) as patients who could not achieve final 
pressures <16 mm Hg (Table III). 

In this population with ejection fractions <20% due 
to coronary artery disease, mortality was twice as high 
as for patients with nonischemic cardiomyopathy (Fig- 
ure 3). Sudden death accounted for 84% of mortality 
with coronary artery disease and 82% of mortality 
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with nonischemic cardiomyopathy. Compared to pa- 
tients with nonischemic cardiomyopathy (Tables I and 
II), patients with coronary artery disease were older and 
had higher ejection fractions. After therapy tailored to 
hemodynamic goals, the pulmonary artery wedge and 
pulmonary artery systolic pressures and systemic vascu- 
lar resistance were higher, and heart rate and cardiac 
index lower (Table II). The final pulmonary artery 
wedge pressure was >16 mm Hg in 33 of 56 (59%) 
patients with coronary artery disease compared to 40 of 
96 (42%) patients with nonischemic cardiomyopathy (p 
<0.05). 

Although patients with coronary artery disease had 
slightly worse hemodynamic profiles during therapy, 
multivariate regression showed coronary artery disease 
to increase mortality independently. Actuarial curves 
with both risk factors showed patients achieving a low 
final pulmonary artery wedge pressure to have good 
survival regardless of etiology (Figure 4). However, pa- 
tients with coronary artery disease were not only more 
likely to maintain elevated pressures despite therapy, 
but they also were at higher risk with these filling pres- 
sures than patients with nonischemic cardiomyopathy 
(p = 0.05). 

Although reflecting a trend toward worse outcome, 
the serum sodium of 135 mEq/liter (average for the 
population) was not very useful in identifying high-risk 
patients in this advanced heart failure population. Sur- 
vival was 59% at 1 year for patients with serum sodium 
S135 mEq/liter compared to 66% for those with higher 
serum sodium levels (difference not significant). 

Right atrial pressure when initially >13 mm Hg did 
not predict mortality (62 vs 63%), but when it was >7 
mm Hg during therapy it was associated with 50% 1- 
year survival compared to 71% (p = 0.009). The pulmo- 
nary artery systolic pressure was shown to be equivalent 
to pulmonary artery wedge pressure during therapy for 
predicting both total and sudden death. Initial cardiac 
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CM High PAW 


(p=0.05) 


index <2.0 liters/min/m? separated groups with surviv- 
al probability of 53 vs 71% (p = 0.03). However, the 
final cardiac index was no more useful than the baseline 


value for group separation (57% survival when <2.7 li- . 


ters/min/m*, compared with 67% [p = 0.20]). 


DISCUSSION 

This study focused on patients with ejection frac- 
tions <20% who were discharged after referral for 
transplantation. Unlike other heart failure popula- 
Hong," survival was not predicted by the severity of 
hemodynamic compromise at referral, but was predict- 
ed by the success of therapy designed to lower pulmo- 
nary artery wedge pressure. Patients with coronary ar- 
tery disease had a slightly poorer response to therapy 
but an independently increased risk of death. Despite 
the initial poor status of the whole group, survival with- 
out transplantation was 63% at 1 year. 

Ventricular filling pressures and survival: Elevated 
ventricular filling pressures at baseline have predicted 
survival in patients with a wide spectrum of disease se- 
verity and various subsequent therapies.*> In our popu- 
lation, the 14% of patients with normal initial filling 
pressures had a 1-year survival rate of 95%. However, 
for the remaining 86% of patients, who initially had 
high pressures, the degree of baseline elevation did not 
correlate with survival; instead, survival was predicted 
by the success of therapy tailored specifically to reduce 
pulmonary wedge pressure. 

Studies in which early hemodynamic responses to 
therapy did not predict outcome!*!5 have defined re- 
sponses by the changes in forward output or mean arte- 
rial pressures (which were not predictive in our study 
either), or by percent change in hemodynamic parame- 
ters rather than the achievement of absolute hemody- 
namic goals. In addition, effective maintenance of early 
stabilization requires vigilant control of fluid balance af- 
ter discharge, which is difficult if patients cannot man- 


CM Low PAW 


CAD Low PAW 


FIGURE 4. Relation between presence of 
coronary artery disease (CAD), pulmonary 
artery wedge (PAW) pressures during tai- 
lored therapy, and survival in 152 patients 
discharged after referral for cardiac trans- 
plantation with ejection fractions <20%. 
CM = cardiomyopathy. 
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age a flexible diuretic regimen and return for frequent 
follow-up care. 

It is not known whether achieving low filling pres- 
sures with vasodilators and diuretics alone creates survi- 
vors or merely identifies survivors. Both the hydrala- 
zine/isosorbide dinitrate combination and enalapril im- 
proved survival when adjusted empirically in patients 
with less severe heart failure.*:!© Clinical status has been 
improved and there are fewer rehospitalizations after 
therapy tailored to hemodynamic goals in patients who, 
at referral, were severely compromised despite previous 
empiric vasodilator therapy.®!° The associated reduc- 
tions in ventricular volume and atrioventricular valve re- 
gurgitation’ may contribute not only to improved symp- 
tomatic status,!’ but also to decreased wall stress and 
myocardial oxygen requirements during the subsequent 
year. Alternatively, patients achieving low ventricular 
filling pressures may have intrinsically less decompensa- 
tion. If so, tailored therapy is effective in selecting these 
patients from a population who by usual criteria at the 
time of referral have a poor prognosis.*~> 

The relation between irreducibly elevated filling 
pressures and sudden death is not understood. Extensive 
myocyte loss and fibrosis may reduce compliance and 
form the substrate for reentrant arrhythmias. Volume 
reduction can be limited by intense neurohumoral stim- 
ulation, which may aggravate tachyarrhythmias.'* Sud- 
den death in this population can result also from brady- 
arrhythmias,!? which may be provoked by reflex abnor- 
malities in advanced heart failure, predisposing patients 
to vasodepressor syncope.” Such reflexes may be more 
easily triggered when the wall tension in dilated ventri- 
cles is further increased by high filling pressures. 

Coronary artery disease and survival: Coronary ar- 
tery disease has been shown to limit survival with heart 
failure in some studies,**2! but not in others, and has 
not been assessed independently of hemodynamic pre- 
dictors. Patients with previous myocardial infarction re- 
ceive more intense surveillance and may be referred ear- 
lier, with higher ejection fraction and lower volumes.”” 
Once the ejection fraction is <20%, those with coronary 
artery disease appear to have not only a worse hemody- 
namic response to therapy, but also an additional inde- 
pendent risk for both total mortality and sudden death. 

Autopsy studies have shown reinfarction to be a ma- 
jor cause of mortality after previous myocardial infarc- 
tion.? In addition, patients with heart failure and prior 
infarction are more likely to have the substrate for reen- 
trant ventricular tachyarrhythmias.”4 The higher death 
rate in patients with both coronary artery disease and 
heart failure reflects the combined risks for sudden 
death in general heart failure and those risks specifically 
associated with coronary artery disease. 

Study limitations: The survival data are influenced 
by the possibility of transplantation. With current prior- 
ity systems, all outpatients are ordered only by time on 
the waiting list, so there is no reason why those receiv- 
ing a heart early would have been at higher risk for 
early mortality. Of the 152 patients, clinical deteriora- 
tion requiring hospitalization and higher priority be- 
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tween discharge and transplantation occurred in only 6, 
whose average pulmonary wedge pressure during thera- 
py was 22 mm Hg, so their inclusion as end points 
would only have increased the apparent discriminating 
power of the response to therapy. The overall survival at 
1 year was only reduced from 63 to 61.6% when these 
urgent transplantations were equated with death. The 
37 outpatients undergoing transplantation had no dif- 
ferences in measured parameters from the patients con- 
tinuing to receive tailored therapy. The similarity be- 
tween outpatients awaiting transplantation and those 
continuing to receive medical therapy after referral for 
transplantation has been demonstrated previously.!° 

This study focused on variables that could be mea- 
sured at referral and improved with therapy before dis- 
charge. There were no systematic evaluations of 24- 
hour electrocardiographic recordings, exercise capacity 
or serum catecholamine levels, which have been predic- 
tive in some populations.*!:2>.7 

Implications of survival with ejection fraction 
<20%: The 63% survival demonstrated without trans- 
plantation is greater than previously expected for pa- 
tients with this profile (Table I). Ejection fraction 
<20%, severe clinical compromise, cardiac index <2.25 
liters/min/m?, pulmonary artery wedge pressures >25 
to 27 mm Hg, and right atrial pressures >10 mm Hg 
have all been associated with 1-year survivals of 
<40%.45.2!.25 Survival for many of these patients may 
have been influenced either by experimental protocols 
or the lack of systematic outpatient follow-up after ini- 
tial evaluation. When predicting survival with and with- 
out transplantation, it is essential to recognize also that 
patients with advanced age and other major medical 
problems are often included in medical studies, but are 
excluded from the population acceptable for transplan- 
tation. 


Transplantation has been recommended for patients 
with ejection fraction <20%, even in the absence of cor- 
onary artery disease.' The overall survival in this study 
of 63% at 1 year with tailored therapy is much lower 
than the 80 to 90% seen after transplantation.*’ How- 
ever, patients who could achieve low pulmonary wedge 
pressures had a survival of 83% without transplantation. 
Moreover, patients surviving on tailored therapy fre- 
quently achieve functional capacity equivalent to that 
after transplantation.'? Thus, patients achieving a low 
pulmonary wedge pressure should have lower priority 
for transplantation, which is currently severely limited 
by the shortage of donor hearts? such that twice as 
many patients are listed each month as actually receive 
transplantation.*? Patients with persistent high filling 
pressures, particularly in the presence of coronary ar- 
tery disease, should be considered for early transplanta- 
tion. Improvement in our ability to predict and prevent 
sudden death,2? which was responsible for 83% of the 
mortality in this discharged population, might allow 
even more patients to defer or avoid transplantation. 
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Use of Auscultation to Follow Patients with 
Mitral Systolic Clicks and Murmurs 


Oswald B. Tofler, MB, and Geoffrey H. Tofler, MB 


Mitral systolic clicks and murmurs together with 
associated symptoms constitute a major reason for 
cardiologic referral. Although echocardiography 
with Doppler study enables characterization of the 
mitral valve apparatus and quantification of regur- 
gitation, its use has resulted in an overemphasis of 
the technical diagnosis of mitral valve prolapse and 
an undervaluation of diagnosis based on physical 
examination. To determine the clinical significance 
of an auscultatory classification of mitral systolic 
clicks with or without precordial systolic murmurs, 
1 consultant’s medical records of 291 patients with 
these signs were reviewed. Based on initial auscul- 
tatory findings, patients were divided into: (1) sin- 
gle or multiple apical systolic clicks with no murmur 
(n = 99); (2) single or multiple apical systolic clicks 
and a late systolic murmur (n = 129); and (3) single 
or multiple apical clicks and an apical pansystolic 
murmur or murmur beginning in the first half of 
systole (n = 63). 

The average duration of patient follow-up was 8 
years (range 1 to 30). The prognosis was excellent 
for patients from all 3 classes. Two cardiac-related 
deaths occurred: 1 each from classes 1 and 2. Mi- 
tral valve surgery was performed in 3 class 2 pa- 
tients (2%) and in 2 class 3 patients (3%). No pa- 
tient developed endocarditis during follow-up. Pal- 
pitations, with varying anxiety overlay, constituted 
a major indication for cardiologic referral in all 3 
classes. Auscultatory findings were valuable to the 
physician for explanation and relief of patient anxi- 
ety. For patient management, use of an ausculta- 
tory classification may be preferable to the techni- 
cally generated term “mitral valve prolapse.” 

(Am J Cardiol 1990;66:1355-1358) 
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ularized the diagnosis of mitral valve prolapse. 

However, the wealth of information available 
from M-mode, 2-dimensional and Doppler echocardio- 
graphic examination has not necessarily resulted in im- 
proved patient management. Instead, the uncertainty 
engendered in the physician by the profusion of infor- 
mation on mitral valve prolapse may be transmitted to 
the patient, whose presenting symptomatology is often 
overlaid with anxiety. The cardiologist may be misled 
when extrapolating to the office practice prognostic 
data from hospital echocardiography laboratories, surgi- 
cal case examinations, postmortem examinations, or ep- 
idemiologic studies of normal populations.'~’ Further- 
more, mitral valve prolapse frequently occurs in the ab- 
sence of auscultatory findings, whereas, conversely, 
auscultatory findings are present in the absence of echo- 
cardiographic abnormality.® 

The popularity of echocardiography has resulted in 
less emphasis being placed on auscultatory findings. 
However, the management of these patients, whose var- 
ied presentation is often overlaid by anxiety, may be 
improved more by clinical examination and judgment 
rather than by a reliance on expensive technology. 

To determine the usefulness of a classification based 
on auscultatory criteria, we studied the clinical course 
of 291 patients, referred to 1 cardiologist (OBT) for a 
variety of signs and symptoms, in whom combinations 
of nonejection clicks and systolic murmurs consistent 
with mitral regurgitation were present. Echocardiogra- 
phy was performed, when available, to determine the 
relation between the auscultatory and echocardiograph- 
ic findings. 


D uring the last 20 years echocardiography has pop- 


METHODS 

A retrospective analysis was made of the medical 
records of all patients seen between 1958 and 1988 in 1 
consultant’s cardiology practice (OBT). Patients includ- 
ed in the study were the 291 in whom a diagnosis of 
clicky mitral valve was made. 

Classification based on auscultation: Auscultation 
was performed with the patient in the supine, left later- 
al, seated and standing positions, before and after mild 
sit-up exercise. The patients were divided into 3 classes, 
depending on the auscultatory findings during the initial 
examination. 

Class 1 comprised patients with mid-to-late apical 
systolic click or clicks with no murmur (n = 99; 68 
women, 31 men). Class 2 comprised patients with mid- 
to-late apical systolic click or clicks with a late systolic 
murmur, either constant or variable (n = 129; 89 wom- 
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TABLE I Age and Gender Distribution 


Age (yr) <20 20-29 30-39 40-49 50-59 60-69 70-79 
Women (n) 5 20 17 15 11 5 ] 
Men (n) VNS IN 5 3 0 2 








Class 2 







Age (yr) <20 20-29 30-39 40-49 50-59 60-69 70-79 
Women (n) 9 18 18 13 13 7 l 
Men (n) W G 19 4 8 7 1 







Class 3 






Age (yr) <20 20-29 30-39 40-49 50-59 60-69 70-79 
Women (n) RÄ 12 4 8 3 1 
Men (n) Eë, 4 4 7 5 2 





en, 40 men). Class 3 comprised patients with mid-to- 
late apical systolic click or clicks with a pansystolic 
murmur or apical systolic murmur beginning in the first 
half of systole and ending with the second heart sound 
(n = 63; 39 women, 24 men). 

Phonocardiograms were recorded in 25% of cases. In 
4 patients included in the study, the phonocardiogram 
documented a nonejection click, whereas, on ausculta- 
tion, the click could not be definitely distinguished from 
the onset of the systolic murmur. In all 4 patients, the 
nonejection click was associated with a late systolic 
murmur that began abruptly. 

Subjects excluded: Thirty patients with apical pan- 
systolic murmurs, whose echocardiograms showed clas- 
sic prolapse, were excluded because no click was heard 
or demonstrated on phonocardiography. Also excluded 
were patients with late systolic murmurs that did not 
begin abruptly and that were not associated with a 
click. When echocardiography became available, none 
of any similar subsequent patients had echocardio- 
graphic evidence of prolapse. 

Echocardiography: Echocardiography was per- 
formed as part of the initial consultation in 50% of 
cases: M-mode echocardiography in 25% and M-mode 
with 2-dimensional echocardiography, when it became 
available, in 25%. Mitral valve prolapse was classified 
(by OBT) as definite, possible or absent at the time of 
echocardiography. The extent of prolapse was measured 
as the number of millimeters below the CD line in the 
longitudinal parasternal view.’ 

Follow-up: Follow-up was obtained in 98% of pa- 
tients. It consisted of repeat consultation in 33% and 
telephone contact with detailed questioning regarding 
symptoms and treatment in 27%. Vital status alone was 
obtained in 38% of patients with the assistance of the 
Department of Public Health of Western Australia. It 
was ascertained that none of the latter group had had 
cardiac surgery. Three percent were found to have died 
from noncardiac causes. Two percent were lost to fol- 
low-up. Mean duration of follow-up was 8 years. 


RESULTS 

Age and gender distribution: There was a predomi- 
nance of women in the study, particularly in the youn- 
ger age group (Table I). Women comprised 75% of pa- 


1356 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 66 


TABLE Il Primary Presenting Sign or Symptom 


Class 1 Class 2 Class 3 
(n =99) (n= 129) (n = 63) 


Click + Murmur (%) 29 (29) 43 (35) 24 (38) 
Palpitations 
Excluding paroxysmal 
tachycardia (%) 
Including paroxysmal 


23 (23) 39 (30) 9(15) 


14(14) 6 (5) 3 (5) 


tachycardia (%) 
Chest Pain (%) 
Dyspnea (%) 7 (7) 
Syncope (%) 6 (6) 6 (5) 2 (3) 
Exhaustion(%) 3 (3) 4(3) 2 (3) 


17 (17) 19(15) 


12(11) 


13 (20) 
10 (16) 





tients <50 years and 55% of patients >50 years. This 
age and gender distribution was similar in the 3 classes. 

Etiology: An immediate family history of mitral 
valve abnormality was obtained in only 6 patients.? Sev- 
en had a history of rheumatic fever. In 2 patients, 
the onset of a click and murmur together with echocar- 
diographic prolapse was later attributed to an episode 
of myocarditis; the auscultatory signs and echocar- 
diographic evidence of prolapse disappeared within 4 
months. Two patients had midsystolic clicks and late 
systolic murmurs, without echocardiographic evidence 
of prolapse, after inferior myocardial infarction. In both 
instances the clicks disappeared within 5 years. 

Presenting sign or symptom: There were multiple 
indications for referral in 40% of patients, but only the 
primary sign or symptom that prompted referral to the 
cardiologist is listed in Table II. Palpitations constituted 
a major presenting symptom in all groups. The symp- 
toms were similar in all classes, with a trend for dyspnea 
to be seen more frequently in class 3, compared with 
classes 1 and 2. The sudden onset of dyspnea or chest 
pain, suggestive of rupture of mitral valve chordae,!° 
prompted the initial referral in 3% of patients from class 
1, 6% from class 2 and 8% from class 3. 

Clinical course: Of those reexamined during follow- 
up, a late systolic murmur developed in 19% (5 of 26) of 
class 1 patients, and progressive regurgitation occurred 
in 7% (3 of 43) of class 2 patients and in 8% (2 of 25) of 
class 3 patients. Mitral valve surgery in the form of re- 
construction (n = 3) or replacement (n = 2) was per- 
formed in 3 patients from class 2 (3%) and in 2 (3%) 
from class 3 (Table III). In all cases the primary indica- 
tion for surgery was disabling dyspnea despite medical 
therapy. It is of note that 5 of the 30 patients with pan- 
systolic murmurs and echocardiographic evidence of 
prolapse, excluded from the study because of the ab- 
sence of a click, required mitral valve surgery over the 
average 8-year follow-up period. 

Endocarditis: During follow-up, no patient devel- 
oped endocarditis; however, 2 class 2 patients had a pre- 
vious history of endocarditis. 

Cerebral complications: No patient had confirmed 
cerebral embolism. 

Arrhythmias: Palpitations were the main indication 
for medical treatment and were a source of anxiety for 
patients in all classes. A variety of antiarrhythmic 
agents, primarily 8 blockers, was successfully used, al- 
most always prescribed by the referring doctor. Four of 
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5 patients with exercise-induced palpitations were suc- 
cessfully treated by a small dose of 8 blocker 2 hours 
before exertion. Arrhythmias corresponding to patient 
symptoms were documented in 10% of cases at the time 
of physical examination, and were predominantly isolat- 
ed ventricular premature beats. 

During follow up, an antiarrhythmic agent was tak- 
en either consistently or intermittently by 39% of pa- 
tients from class 1, 35% from class 2 and 27% from 
class 3. The onset of atrial fibrillation caused cardiac 
decompensation, which prompted mitral valve surgery 
in 3 of the 5 patients requiring surgery. 

Mortality: One probable arrhythmic death occurred 
in a 37-year-old woman with a click and a late systolic 
murmur (class 2) who was found dead in bed. Nine 
years previously her electrocardiogram showed both 
atrial and ventricular extrasystoles, which disappeared 
with exercise. At the time of death she was taking no 
antiarrhythmic therapy. Postmortem examination re- 
vealed widespread patchy myocardial fibrosis, no evi- 
dence of coronary artery disease and a normal mitral 
valve. A class 1 patient died of complications of pulmo- 
nary fibrosis after chronic use of amiodarone for parox- 
ysmal atrial flutter. 

Echocardiography: In those examined by echocardi- 
ography, definite mitral valve prolapse was present in 
50% of class 1, 72% of class 2 and 74% of class 3 pa- 
tients (Table IV). Echocardiography was technically in- 
adequate in 4 cases. In patients with confirmed pro- 
lapse, mean posterior displacement was 3.5 + 1.5 mm 
in class 1, 5.0 + 1.9 mm in class 2, and 6.0 + 2.6 mm in 
class 3. The differences in posterior displacement be- 
tween classes 1 and 2, and between classes 1 and 3, 
were significant (p <0.05 by analysis of variance post 
hoc Neuman-Keuls multiple range test). Leaflet thick- 
ness >5 mm was seen in | class 2 patient and in 2 pa- 
tients from class 3. The patient from class 2 required 
mitral valve surgery. 


DISCUSSION 

This study indicates a good prognosis for patients 
with nonejection clicks, with or without mitral systolic 
murmurs, referred to a consulting cardiology practice. 
The auscultatory classification aided in identification of 
patients, exclusively from class 2 or 3, at slightly in- 
creased risk of developing severe mitral regurgitation re- 
quiring surgery. 

Because most studies suffer from some degree of se- 
lection bias, their conclusions can be best applied to pa- 
tients with similar inclusion criteria. This study is rele- 
vant to patients referred to a cardiologist by a referring 
physician, perhaps the most common scenario. The free- 
dom from clinical complications in this study is in 
marked contrast to those noted in data from patients 
referred for echocardiographic examination in a major 
tertiary institution.* 

Patients with single or multiple nonejection clicks in 


; the absence of a murmur (class 1) have an excellent 


clinical outcome, with freedom from severe mitral re- 
gurgitation, requirement for surgery, or endocarditis. 
Nineteen percent of these patients developed a late sys- 
tolic murmur on follow-up examination. Patients with 


TABLE Ill Clinical Course 
No. Mitral 


Cardiac-Related 
Death 


Infective 


Class ofPts. Valve Surgery Endocarditis 


99 0 
129 3 (2%) 
63 2 (3%) 





TABLE IV Echocardiographic Features 


Suggestive 

Features / Technically 

No Definite Normal Unsatisfactory 
Prolapse (%) (%) (%) 


Definite 


Prolapse (%) 





nonejection clicks and murmurs beginning in the second 
half of systole (class 2) or with long systolic murmurs 
associated with a click (class 3) are at slightly increased 
risk of developing severe mitral regurgitation and re- 
quiring mitral valve surgery (approximately 3% over an 
8-year period). Mitral valve surgery in this population 
was determined mainly by patient symptoms. 

The frequency of arrhythmias and the difficulty of 
arrhythmia management are reported to be more likely 
related to the severity of mitral regurgitation than to 
echocardiographic findings.’:''! In 1 patient in the pres- 
ent study, preoperative paroxysmal ventricular tachy- 
cardia disappeared after mitral valve surgery. However, 
1 class 2 patient with a history of documented atrial and 
ventricular premature beats suppressed by exercise pre- 
sumably died from a sudden arrhythmia. 

No endocarditis occurred during follow-up. Details 
of the use of antibiotics, which were prescribed by the 
primary physician, were not documented. However, pro- 
phylaxis was recommended for all eroups 1777 

Anxiety associated with palpitations and the diagno- 
sis of cardiac disease was a major problem in patient 
management in all classes. The good prognosis of all 
groups enables the physician to focus on attempts to 
decrease the frequency of arrhythmia and to alleviate 
the anxiety often associated with a mysterious diagnosis 
of prolapse. Experience has shown that it is much easier 
for patients to understand that their valve, which is de- 
signed to function without a noise, is making a clicky 
noise, than it is for them to grasp the subtleties of mitral 
valve movement inherent in the term prolapse. Phono- 
cardiography, a neglected art, provides documentary ev- 
idence for the doctor, who can explain it easily to the 
patient and their family, who are thereby reassured. Be- 
cause cardiology review is often for patient reassurance, 
particularly for patients from class 1, the time period 
between reviews may depend primarily on the cardiolo- 
gist’s assessment of how often such reassurance is war- 
ranted. Alleviation of anxiety helps significantly in ar- 
rhythmia control and may be of the utmost importance 
in patients who are suspected of dysautonomia.'4 

In this low-risk population, it is difficult for echocar- 
diography to provide an incremental advantage in prog- 
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nostic assessment to the auscultation-based classifica- 
tion. Furthermore, timing of surgery in this and other 
series is based primarily on symptoms. Before surgery, 
echocardiography provides a measure of left ventricular 
function and is valuable in deciding whether valve re- 
construction is possible. In this study, echocardiography 
did not reveal any unsuspected anatomic diagnosis. The 
echocardiographic extent of prolapse related to the aus- 
cultatory class. Thus, class 1 was associated with a 
smaller extent of prolapse than either class 2 or 3. In the 
present study, prolapse was not detected in 25% of pa- 
tients with clicky mitral valves. Basing a clinical diagno- 
sis on echocardiographic criteria is therefore unsatisfac- 
tory, particularly as there is disagreement regarding 
echocardiographic classification.'>-!* It is of note that 5 
of the 30 subjects with pansystolic murmurs, who had 
echocardiographic prolapse but who were excluded 
from the study because of the absence of a click, re- 
quired surgery during the follow-up period. Thus, the 
absence of a click with a pansystolic murmur in associa- 
tion with mitral valve prolapse may indicate a popula- 
tion at increased risk of severe mitral regurgitation. 

Leaflet thickening, which qualified as “classic pro- 
lapse,” was present in 2% of class 2, in 3% of class 3, 
and in none of class 1 patients. Patients with classic pro- 
lapse had moderately severe mitral regurgitation. 

Auscultation versus echocardiography in patient 
management: Identification of patients at slightly in- 
creased risk of severe mitral regurgitation requiring sur- 
gery is provided both by auscultation and by echocardi- 
ography. Because current indications for mitral valve 
surgery are based primarily on symptoms, the prospec- 
tive identification of patients at increased risk may not 
have a major effect on altering patient management, 
although it will enable the physician to review such a 
patient more frequently. The use of an auscultatory 
rather than echocardiographic classification offers sev- 
eral advantages for patient management. In contrast to 
echocardiography, auscultatory data can be readily and 
quickly acquired by the physician at the first visit with a 
stethoscope, can be easily repeated, can be readily pre- 
sented by the physician and understood by the patient 
and does not involve additional cost. 

The ready acceptance of the echocardiographic find- 
ing of prolapse as a clinical diagnosis reflects the hom- 
age we pay to technology. Because the echocardio- 
graphic findings can sometimes be in doubt, and be- 
cause the clinical outcome is related to symptoms and to 
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auscultatory findings, an auscultatory classification 
based on the presence of mitral systolic clicks with or 
without a murmur may be preferable. 
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Quantitative Analysis of Ventricular Late 


Potentials in Healthy Subjects 


Angelo A. Raineri, MD, Marcello Traina, MD, Antonino Rotolo, MD, 
and Renzo M. R. Lombardo, MD 


Signal averaging is a technique that improves the 
signal-to-noise ratio. Obscuring random noise, it al- 
lows the detection of low-amplitude wave forms in 
the terminal portion of the QRS complex, also 
known as ventricular late potentials. A higher inci- 
dence of arrhythmic events has been found in pa- 
tients with abnormal ventricular late potentials af- 
ter an acute myocardial infarction. Few studies 
have been conducted in healthy subjects to assess 
normal values. Sixty-one healthy subjects were en- 
rolled in our study (33 men and 28 women). The 
results (mean + standard deviation) are as follows: 
duration of the filtered QRS (QRS duration) was 95 
+ 10 ms; duration of the low-amplitude signals in 
the terminal portion of QRS <40 4V (LAS <40) 
was 32 + 8 ms; and root-mean-square voltage in 
the last 40 ms (RMS — 40) was 33 + 16 „V. A sig- 
nificant difference was noted in QRS duration be- 
tween men and women (98 + 11 vs 92 + 6 ms, p = 
0.006); no difference was found in LAS <40 (31 + 
8 vs 34 + 8 ms) and in RMS-40 (36 + 17 vs 30 + 
13 4V). QRS duration confidence limits of 95% 
were <114 ms for the total group, <120 ms for 
men and <104 ms for women. Normalization of 
QRS duration for height (normal value <66 ms/m) 
eliminated any difference between men and women. 
LAS <40 had an upper value of 48 ms in the total 
group, 46 ms in men and 50 ms in women. It was 
not possible to define normal values for RMS-40 
because of the wide scattering of data. A signifi- 
cant linear correlation existed among all the signal 
averaged electrocardiographic parameters; that is, 
a prolonged QRS duration increases the possibility 
of having both a longer LAS <40 or a lower RMS- 
40. Adoption of criteria that are either gender-spe- 
cific or related to the body characteristics is war- 
ranted on the basis of this study. Application of 
QRS duration corrected for height (normal value 
<66 ms/m) cancels out any statistical difference 
between men and women, allowing comparison of 
patients with different body characteristics. 

(Am J Cardiol 1990;66:1359-1362) 
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high-frequency signals that can be recorded in 

the terminal portion of the QRS complex and ST 
segment.! Their presence in patients with myocardial 
infarction has been demonstrated to be associated with 
a propensity to develop ventricular tachycardia.?> The 
anatomic changes determined by myocardial infarction 
cause a slow and inhomogeneous activation of the in- 
farcted area, which may be the site where reentry may 
occur. The presence of this slow activation can persist 
beyond the duration of the ventricular depolarization 
and are recorded as low-amplitude wave forms in the 
terminal portion of the QRS complex. 

Late potentials are present in normal subjects’; 
therefore, before signal-averaged electrocardiographic 
values are used as cutoff limits to determine the propen- 
sity for developing ventricular tachycardia, it is impor- 
tant to establish normal reference values to ascertain 
the sensitivity and specificity of the method. This study 
determines the duration of the signal-averaged filtered 
QRS (QRS duration), the duration of the low-ampli- 
tude signals in the terminal portion of the QRS complex 
<40 ON (LAS <40), and the root-mean-square voltage 
in the last 40 ms of the filtered QRS (RMS-40) in nor- 
mal subjects. 


y Jentricular late potentials represent low-amplitude, 


METHODS 

Study group: Sixty-one healthy subjects were stud- 
ied (33 men, 28 women). They were medical residents, 
nurses and physicians. The mean age was 39 + 13 
(mean + standard deviation). None had a history of 
heart or metabolic disease or systemic hypertension. 
They had a normal physical examination, standard 12- 
lead electrocardiogram (ECG) and echocardiogram. No 
one was a professional athlete or had a body weight that 
exceeded the upper limits of normal values. 

Signal-averaged electrocardiogram: A signal-aver- 
aged ECG was recorded after the subjects underwent 
the standard ECG and echocardiogram 215 minutes 
after bed rest and 2 hours after eating. All the record- 
ings were obtained with an Arrhythmia Research Tech- 
nology 1200EPX high-resolution electrocardiograph. 
Orthogonal standard bipolar X, Y and Z leads were 
used to analyze a mean of 246 cycles (range 194 to 385) 
with a noise level <0.3 uV. The recorded signals were 
amplified, averaged and filtered with a Butterworth bi- 
directional filter (range 40 to 250 Hz). The signals ob- 
tained from the 3 leads were then combined to form a 


“vector magnitude” V = ,/X? + Y 2 + Z7, which is 


obtained by taking the square root of the sum of the 
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Number 


Age (years) 39413 
Height (cm) 166 +9 
Weight (kg) 6913 
BSA (M?) 1.78 + 0.2 
Systolic BP (mm Hg) 124411 
Diastolic BP (mm Hg) 77 +6 
QRS duration (ms) 9510 
LAS <40 (ms) 3248 
RMS-40 (uV) 33+ 16 
Noise (uV) 0.24 + 0.06 
Cycles 245 + 42 


Values are presented as mean + standard deviation. 


squares. Several measurements were taken into consid- 
eration: QRS duration, LAS <40 and RMS-40, all de- 
termined at 40 Hz high-pass filtering. 

Statistical analysis: Results are expressed as mean 
values + standard deviation. Comparison of means was 
made using Student’s ¢ test for independent samples. 
Pearson correlation coefficient was used to determine 
the relation between the variables. Linear regression 
analysis was made using signal-averaged electrocardio- 
graphic results as the dependent variable (Y) and the 
clinical characteristics as the independent variable (X). 


RESULTS 

Signal-averaged ECGs were recorded in 61 healthy 
subjects. The means and standard deviations of each 
clinical and signal-averaged electrocardiographic char- 
acteristic are listed in Table I. There was no difference 
between men and women with regard to age, and systol- 
ic and diastolic blood pressures. Men were significantly 
taller, heavier and had a larger body surface area than 
women. A significant difference was found in QRS du- 
ration (98 + 11 vs 92 + 6 ms, p = 0.006) between men 
and women; no difference, however, existed with regard 
to LAS <40 and RMS-40. No correlation was found 
between QRS duration, LAS <40, RMS-40 and age (r 
= —8.6, r = 4.3, r = 4.7, respectively; relation not sig- 
nificant). 

In the total group, a positive linear correlation 
existed between QRS duration and body surface area, 
weight and height (r = 0.47, p <0.0001; r = 0.41, p 
<0.001; r = 0.57, p <0.0001 respectively); no correla- 
tion, however, was found between LAS <40, RMS-40 


TABLE Il Range of Normal Values Comprised Within 95% 
Confidence Limits 


Number 

QRS duration (ms) 
LAS <40 (ms) 
RMS-40 (uV) 


Abbreviations as in Table |. 
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41+14 38+ 10 NS 
17347 15946 <0.001 
78+10 60+ 8 <0.001 
1.92 +0.15 1.62 +0.12 <0.001 
125411 122411 NS 
78+6 77 +6 NS 
98+ 11 92+6 0.006 
31+8 34+8 NS 
36+ 17 30 + 13 NS 
0.23 + 0.06 0.25 + 0.06 NS 
253+ 41 235+ 41 NS 


BP = blood pressure; BSA = body surface area; LAS <40 = duration of terminal portion of QRS under 40 microvolts of amplitude; NS = not significant; QRS duration = signal-aver- 
aged duration of ventricular depolarization; RMS-40 = root mean square voltage in the last 40 milliseconds of the signal-averaged QRS. 
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and body characteristics. A positive linear correlation 
was found between QRS duration and LAS <40 and a 
negative linear correlation was found between QRS du- 
ration and RMS-40 (Figure 1). LAS <40 and RMS-40 
were negatively correlated as well (Figure 2). 

Table If lists signal-averaged electrocardiographic 
values when 95% confidence limits are used. The total 
group showed an upper value of 114 ms for QRS dura- 
tion; men had a higher upper value (120 ms) than wom- 
en (104 ms). LAS <40 had an upper value of 48 ms for 
the total group, whereas the value was 46 ms in men 
and 50 ms in women. RMS-40 had such a wide range 
of normal limits that it was not possible to consider 
these limits as cutoff values. 


DISCUSSION 

Previous studies have dealt largely with patients with 
coronary artery disease; few studies have been conduct- 
ed in healthy subjects.’-° In a recent report, late poten- 
tials were considered abnormal when, at 40-Hz high- 
pass filtering, the filtered QRS duration was >114 ms, 
the LAS <40 lasted >38 ms and the RMS-40 was <20 
uV.'° We found the same upper value of QRS duration 
in healthy subjects, but we obtained a higher value for 
LAS <40. In the case of RMS-40, it was not possible to 
extrapolate cutoff values. 

Recently, Danford et alë pointed out the difference 
in filtered QRS duration between men and women. In 
our study, we found a wide difference of QRS duration 
between men and women. This is because of different 
body characteristics; normalization of QRS duration for 
height in fact eliminates any difference between men 
and women (Table III). It is not clear why QRS dura- 
tion is related to body characteristics when the other 
signal-averaged parameters are not. In 1953 Lepeschkin 
and Surawicz'! found a relation between the standard 
12-lead ECG and body size in healthy subjects: men 
had a greater QRS duration than women; but when the 
subjects were grouped by the same height, there was no 
longer any difference between men and women. They 
concluded that the difference in QRS duration between 
men and women was related to differences in height and 
presumably in heart size. More recently, Levy et al!? 








FIGURE 1. Linear correlation between 
QRS duration and duration of the low-am- 
plitude signals in the terminal portion of 
the QRS complex <40 4V (LAS <40) (top) 
K and between QRS duration and root- 
mean-square voltage in the last 40 ms 


(RMS-40) (RMS-40) (bottom). 
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TABLE Ill QRS Duration Normalized for Body Surface Area, Height and Weight 
Men 


Total Group Women p Value 


































Fa QRS/BSA (ms /m2) 5448 5249 57+5 
a Cl. (39-69) (34-70) (47-66) 
QRS/Ht (ms/m) 5645 56 + 56 5743 NS 

a CL (47-66) (45-67) (50-63) 

y QRS /Wt (ms/kg) 1.40 + 0.25 1.27 +0.19 1.55 +0.23 <0.0001 
a CL (0.9-1.9) (0.89-1.65) (1.09-2.01) i 

K BSA = body surface area; CL = 95% confidence limits range; Ht = height; NS = not significant; QRS = Signal-averaged duration of ventricular depolarization; Wt = weight. 

E low specificity of this test and highlights the fact that 

D only QRS duration seems to have an acceptable speci- 
a Number of False ficity. 

E Postes t%) Spacficiiy In our study we dealt only with healthy subjects; pa- 
E. QRS duration (ms) tients with organic heart disease with or without sus- 
3 k LAS <40 (ms) 10 (16) a tained ventricular tachycardia were not evaluated. Fur- 
a Rou AON) su Kt) i ther studies are needed to evaluate the sensitivity of our 
E values in different clinical settings. 


observed an association between left ventricular mass 
and height. One can therefore speculate, as did Gomes 
et al,! that QRS duration may be the expression of the 
` mass of myocardium that is activated, whereas the oth- 
er parameters may not be. 
= Recently, Surawicz!> pointed out the moderate sen- 
| sitivity and low specificity of the test. When we applied 
the cutoff values detailed in recent reports to our study 
group, only QRS duration showed an acceptable speci- 
ficity (Table IV). 

The linear correlation among all the signal-averaged 
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Validation of a Computerized Technique for 
Detection of the Gas Exchange Anaerobic 
Threshold in Cardiac Disease 


Kenneth Dickstein, MD, Stale Barvik, MD, Torbjorn Aarsland, RN, 
Steven Snapinn, PhD, and Jay Millerhagen, MS 


Respiratory gas exchange data were collected from 
77 men >6 months after acute myocardial infarc- 
tion. Maximal exercise was performed on an er- 
gometer cycle programmed for a ramp protocol of 
15 W/min. The gas exchange anaerobic threshold 
(ATge) was determined by analysis of the carbon 
dioxide elimination (VCO) vs oxygen consumption 
(VO2) curve below a respiratory exchange ratio of 
1.00 using a computerized algorithm. This value 
was estimated at the inflection of VCO2 from a line 
with a slope of 1 which intersects the VCO2 vs 
VO, curve. The relation of the ATge to the lactate 
acidosis threshold was studied in 29 patients. The 
reproducibility of the ATge method was studied in 
77 patients. Mean (+ standard deviation) VO2 for 
the ATge was 905 + 220 vs 866 + 299 ml/min for 
the lactate acidosis threshold (r = 0.86, p <0.001). 
Mean VO, at the ATge for test 1 was 968 + 225 
vs 952 + 217 ml/min for test 2 (r = 0.71, p 
<0.001). Mean peak VO2 was 1,392 + 379 vs 912 
+ 202 ml/min at the ATge (r = 0.76, p 00011, 
Results demonstrate that this ATge method corre- 
lates well with the lactate acidosis threshold, is re- 
producible, and should be useful as an objective 
measure of submaximal exercise performance. 
(Am J Cardiol 1990;66:1363-1367) 
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aximal cardiopulmonary exercise testing is 
Me« noninvasive, and has been shown to be a 

valuable tool in the clinical assessment of 
functional capacity! and prognosis.? Although peak re- 
sults are readily determined, controversy exists regard- 
ing the most appropriate methodology for assessment of 
submaximal exercise performance.” 

The highest oxygen uptake (VO>) that can be main- 
tained during prolonged exercise without accumulation 
of lactic acid was termed the anaerobic threshold by 
Wasserman and Mcllroy* in 1964. However, no single 
method for interpreting gas exchange parameters for 
detection of the anaerobic threshold has gained wide ac- 
ceptance. Most methods are subjective and based on 
manual calculations from plots of ventilatory and gas 
exchange indexes.’ 

Sue et al® modified the V-slope method described by 
Beaver et al,’ recognizing that the data points of the 
VCO, (NO: plot above the lactate acidosis threshold 
had a slope >1. We created a computer algorithm to 
simulate this approach, and developed an automated 
technique for detection of the gas exchange anaerobic 
threshold (ATge) based on analysis of the carbon diox- 
ide elimination (VCO>) vs VO; curve. 

On-line, real-time respiratory gas exchange data 
were collected during maximal exercise in men after 
myocardial infarction. To evaluate the reproducibility of 
this technique, we tested patients (n = 77) twice within 
72 hours. To compare the ATge with the lactate acido- 
sis threshold, a subgroup of patients (n = 29) was stud- 
ied invasively. This report describes the validity of this 
automated approach for determination of the ATge. 


METHODS 

Patients: Study A provided lactate data and includ- 
ed 29 men with documented myocardial infarction. The 
mean age (+ standard deviation [SD]) was 65.2 + 9.7 
years. Sixteen patients were receiving long-term therapy 
with 8 blockers for secondary prophylaxis and 13 pa- 
tients were receiving long-term therapy with digitalis 
and diuretics for symptomatic heart failure. 

Study B provided data for reproducibility and in- 
cluded 77 men with documented myocardial infarction 
tested twice within 72 hours. The mean age (+ SD) was 
62.4 + 7.3 years. Sixty-four patients were receiving ĝ- 
blocker therapy for secondary prophylaxis and 13 pa- 
tients were receiving digitalis and diuretic therapy for 
symptomatic heart failure. 
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TABLE I Summary of Results 


Mean 


VO2 Mean + SD (ml/min) n Difference 


Comp. ATge 
831+ 142 
Comp. ATge LAT 
905 + 220 
Comp. ATge 
912+ 202 
Comp. ATge #1 
968 + 225 
Peak VO #1 Peak VO> #2 
1,483 + 366 1,495+383 0.94 114138 


ATge = gas exchange anaerobic threshold; Comp. = computer; LAT = lactate 
acidosis threshold; SD = standard deviation; VO2 = oxygen consumption. 


Manual ATge 
803 + 147 24+ 34 
866 + 299 

Peak VO2 

1,392 + 379 

Comp. ATge #2 

9524217 0.71 


39 + 158 
480 + 262 


15+ 156 


All patients had confirmed myocardial infarction >6 
months before the study and had completed a rehabili- 
tation program >3 months before the study. No patient 
had exertional chest pain, and exercise was limited by 
dyspnea or fatigue. Patients performed routine spirome- 
try to rule out respiratory dysfunction. Informed con- 
sent was obtained from the patients and the study pro- 
tocol was approved by the Norwegian State Drug Reg- 
ulatory Agency. 

Exercise testing protocol: Exercise and gas ex- 
change data were collected continuously using an auto- 
mated breath-by-breath system manufactured by Medi- 


10 


VO2 (1/min) 


| AT vo2 | _P voz | 





VO2 (1min) 





FIGURE 1. Two examples of gas exchange anaerobic thresh- 
old (ATge) detection by the computer algorithm. The triangle 
provides a slope of 1 and facilitates visual inspection. In (A), 
the peak oxygen consumption (VO2) was 1,450 ml/min and 
the ATge is detected at 1,024 ml/min. In (B), the peak VO. 
was 1,079 ml/min and the ATge is detected at 791 mi/min. 
HR = heart rate; RER = respiratory exchange ratio; VCO. = 
carbon dioxide elimination; VE = ventilation. 
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cal Graphics Corporation (System 2001), based on 
methods previously described by Whipp et al.’ Studies 
were performed using an upright, electrically braked, 
ergometer cycle (Mijnhardt model KEM III). After a 
2-minute rest on the cycle, patients began pedaling at 
rate of approximately 65 rpm at a work rate that was 
programmed to increase smoothly according to a con- 
tinuous ramp protocol of 15 W/min. Patients were in- 
structed to exercise maximally to exhaustion. A 12-lead 
electrocardiogram (Kone 620) was interfaced and heart 
rate recorded continuously. Systolic blood pressure was 
measured using a manometer cuff against mercury ev- 
ery 3 minutes. 

Arterial blood sampling: Arterial blood from the left 
brachial artery was sampled through an indwelling 
short polyethylene catheter inserted percutaneously. 
Sampling commenced at the beginning of the resting 
stage on the cycle and thereafter every 20 seconds 
throughout the study. 

Lactate assay: Samples were analyzed using a semi- 
automatic system developed for the transportation of 
sample aliquots termed “flow injection analysis” based 
on the controlled dispersion of an injected sample into a 
continuously moving reagent stream. The method as ap- 
plied to the assay of lactate has been described in detail 
by Rydevik et al? and has been validated against man- 
ual enzymatic methods by Karlsson et al.!° 

The lactate acidosis threshold is determined by re- 
gression analysis of a 2-segment logarithmic plot of se- 
rum lactate concentration vs log VO>, as described by 
Beaver et al.!! We have shown that this method corre- 
lates well with manually detected lactate acidosis 
threshold. !? 

Gas exchange anaerobic threshold method: We de- 
veloped a computerized algorithm to approximate the 
manual modified V-slope method of ATge detection as 


n=33 
r=0.97 
y=—19.6+0.99x 
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FIGURE 2. A scattergram of computer gas exchange anaero- 
bic threshold (ATge) detection versus manual detection using 
the technique described by Sue et al® (n = 33). Dotted line is 
the line of equality; solid line is the line of regression. Mean (+ 
standard deviation) differences are listed in Table I. VO2 = 
oxygen consumption. 
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described by Sue et AL VCO, is plotted against VO, 
on equal axes. The anaerobic threshold is located where 
the rate of rise of VCO) is greater than the rate of rise 
of VO», coinciding with an increase in the slope of >1.0. 
This increase in the slope results from accelerated 
VCO, and indicates that bicarbonate buffering of lac- 
tate is occurring. !? 

The manual method uses a 45° triangle that is 
brought in from the right parallel to the VCO, vs VO2 
plot. This facilitates detection of the inflection occurring 
with a slope >1.0 (Figure 1). The computer program 
automates this method and analyzes the subset of data 
with a work load of >5 W and a respiratory exchange 
ratio of <1.00. This subset of data was chosen to mini- 
mize the obscuring effects of the hyperventilation re- 
sponse at the onset of exercise and the respiratory com- 
pensation phase that usually occurs just before termina- 
tion of peak exercise. 

A line with a slope of 1.0 (S1) is drawn through the 
plot so that 5% of the data points lie below the line. This 
simulates the manual triangle method and ensures ade- 
quate contact with the VCO;/ VO, curve. The ATge 
is detected at the last inflection of the VCO» vs VO, 
curve from S1. 

The basis for using a line with a slope of 1 through 
the data points before the ATge is based on the empiric 
observation by many investigators that a regression line 
drawn through data during this phase of exercise closely 
approximates a slope of 1.° This is compatible with the 
use of glycogen as the primary energy source.'’ S1 is 
not a linear curve fit and data points falling on this line 
do not indicate that the respiratory exchange ratio 
(VCO>/VO>) is equal to 1.00, but rather that the ratio 
of the rate of increase in VCO), vs the rate of increase in 
VO; approximates 1. 


n=29 
r=0.86 
y=-189.9+1.17x 
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FIGURE 3. A scattergram of computer gas exchange anaero- 
bic threshold (ATge) detection versus lactate threshold (n = 

29). Dotted line is the line of equality; solid line is the line of 
regression. Mean (+ standard deviation) differences are listed 
in Table I. VO2 = oxygen consumption. 
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RESULTS E 

The ability of the program to approximate the man- E 
ual modified V-slope method for anaerobic threshold É. 
detection as described by Sue et alf was tested. An in- 2 
dependent experienced investigator determined the an- oy 
aerobic threshold using VCO, /VO> plots in a blinded E 
fashion in 33 patients. These results are presented as a au 


scattergram in Figure 2 and in tabular form in Table I. 


All values are expressed as mean + standard deviation. ` 4 


Mean VO); for the manual calculation was 803 + 147 
vs 831 + 142 ml/min for the computerized ATge (r = d 
0.97, p <0.0001). Mean difference between these 2 E 
methods was 24 + 34 ml/min. The results of the com- E 


parison of ATge with lactate acidosis threshold are dis- E 
played in Figure 3 and in Table I. Mean VO) at the | 
ATge was 905 + 220 compared with 865 + 299 ml/ E 
min for the VO, at the lactate acidosis threshold (r = a 
0.86, p <0.0001). The lactate acidosis threshold (VO, A 
ml/min) was detected significantly earlier than the 


ATge. Mean difference was 39 + 158 ml/min (p 
<0.01). 
The correlation between the ATge and the peak 


VO> i is displayed in Figure 4 and listed in Table I. Mean E 
VO; at the ATge was 912 + 202 compared with 1,392 KE 
+ 379 ml/min for peak VO, (r = 0.76, p <0.0001). i 


Mean difference was 480 + 262 ml/min. ; 
The reproducibility between 2 consecutive measure- b- 


ments are shown in Figures 5 and 6 and listed in Table a 


225 vs 952 + 217 ml/min for the second test (r = 0.71, 
p <0.0001). Mean difference between the 2 tests was 15 


I. Mean VO) at the ATge for the first test was 968 + 


+ 156 ml/min. Mean peak VO) for the first test was 
1,483 + 366 vs 1,495 + 383 ml/min for the second test 
(r = 0.94, p <0.0001). Mean difference between the 2 


tests was 11 + 138 ml/min (difference not significant). 
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FIGURE 4. A scattergram of computer gas exchange anaero- 
bic threshold (ATge) detection versus peak oxygen consump- 
tion (VO2) (n = 77). Dotted line is the line of equality; solid 
line is the line of regression. Mean (+ standard deviation) dif- 
ferences are listed in Table I. 
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DISCUSSION 

The onset of progressive lactate accumulation in the 
blood reflects glycolysis with increased conversion of py- 
ruvate to lactate. This reaction oxidizes reduced nico- 
tinamide-adenine dinucleotide and permits glycolysis 
and therefore exercise to continue when the cellular re- 
duced nicotinamide-adenine dinucleotide /nicotinamide- 
adenine dinucleotide ratio increases. The change in the 
pattern of gas exchange largely reflects the bicarbonate 
buffering of lactic acid. Evaluation of the accuracy of 
gas exchange methods for detecting ATge should there- 
fore be made by comparison with the lactate acidosis 
threshold.'* Estimation of the lactate acidosis threshold 
is based on detection of a systematic increase in lactate 
concentration during incremental exercise. !° 

It has been demonstrated that peak VO; can be de- 
termined in patients with coronary artery disease,!® and 
we have shown that the results are highly reproducible 
in such patients.'’ This study demonstrates that the 
ATge program reliably approximates the manual detec- 
tion method (r = 0.97). The results also indicate that 
the ATge correlates closely with the onset of a system- 
atic increase in lactate concentration (r = 0.86). 

The lactate acidosis threshold is detected significant- 
ly earlier than the ATge. This bias has a physiologic 
basis. Beaver et al'* demonstrated that the bicarbonate 
decrease is delayed in relation to the lactate increase. 
This delay may be due to the presence of protein buffers 
that have a pK similar to the cytoplasmic pH. Subse- 
quently, bicarbonate decreases at an equimolar rate 
with the lactate increase suggesting that saturation oc- 
curs and that bicarbonate is the major buffering mecha- 
nism for lactic acid. In the present study, the VO; at the 
ATge was delayed significantly by 39 + 158 ml/min 
compared with the VO, at the lactate acidosis thresh- 
old. 
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FIGURE 5. A scattergram of computer gas exchange anaero- 
bic threshold (ATge) detection in test 1 vs test 2 (n = 77). 
Dotted line is the line of equality; solid line is the line of re- 
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The reproducibility of the ATge program was satis- 
factory (r = 0.71) although peak VO, was found to be 
considerably more reproducible (r = 0.94). The consis- 
tency of the peak VO, values indicates that the 2 tests 
were comparable and suggests that maximal exercise is 
usually required to achieve the reproducibility necessary 
to detect the effect of intervention. Similarly, although 
the ATge correlates to peak VO) (r = 0.76), the varia- 
tion is too great to permit accurate estimation of peak 
exercise performance based on submaximal exercise. 

The method described in this report does not condi- 
tion the gas exchange data although 2 subsets of data 
are omitted from the analysis. First, because the CO, 
kinetics at zhe onset of exercise are influenced by rapid- 
ly increasing pulmonary blood flow and tissue storage 
capacity, the data collected during unloaded pedaling 
and before the 5-W load are excluded from the analysis. 

Second, VCO) increases linearly with VO, up to the 
onset of the anaerobic threshold. At this point the slope 
of VCO) begins to rise more steeply than the slope of 
VO». The relation between VCO, and VO, is further 
characterized by a third phase. Respiratory compensa- 
tion occurs in response to metabolic acidosis as minute 
ventilation increases more rapidly than VCO, due to 
relative hyperventilation. During this final phase, the 
pattern of VCO) no longer solely reflects metabolic and 
buffering events in the tissues. Therefore, data collected 
above a respiratory exchange ratio of 1.00 are not in- 
cluded in the analysis. 

This exclusion of the initial and final segment reduc- 
es the likelihood of a spurious result by analyzing the 
slope changes primarily resulting from increased meta- 
bolic production of CO,. In addition, detection of the 
ATge by conventional methods is enhanced if the pa- 
tient exercises to maximal effort. Our program only re- 
quires exercise to a respiratory exchange ratio >1.05. 
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y=51.1+0.97x 
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FIGURE 6. A scattergram of peak oxygen consumption (VO2) 
in test 1 vs test 2 (n = 77). Dotted line is the line of equality; 
solid line is the line of regression. Mean (+ standard devi- 
ation) differences are listed in Table I. 
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Most methods for anaerobic threshold detection are 
subjective and are based on manual calculations from 
plots of ventilatory and gas exchange indexes. Such 
techniques often use identification of the hyperventila- 

d tion phase from the pattern of minute ventilation, the 
onset of the nonlinear increase in the respiratory ex- 
change ratio or an increase in the ventilatory equivalent 
for O, without concomitant increase in the ventilatory 
equivalent for CO>.° These methods have shown high 
test-retest correlation for detection of the anaerobic 
threshold in experienced laboratories.'!? However, large 
interobserver variability owing to the subjective nature 
of manual methods is unavoidable. In addition, such in- 
terpretation requires an expertise that limits its general 
applicability in routine cardiopulmonary exercise test- 
ing. 

The method detailed in this report compares favor- 
ably to the V-slope method described by Beaver et al.!’ 
The correlation to lactate acidosis threshold (r = 0.86) 

_ is superior to the previously reported correlation of 

T the V-slope method to lactate acidosis threshold (r = 
0.69).'2 Correlation to manual detection was also sub- 
stantially improved (r = 0.97 vs r = 0.83).!? 

A disadvantage inherent to methods that use regres- 
sion analysis of the gas exchange data during maximal 
exercise is the possibility that the hyperventilation phase 
may be partially included in the calculation. The resul- 
tant increase in VCO; is not of metabolic origin and 
therefore would detract from the precision of ATge de- 
tection. Such methods often require manual adjustment 
of the upper time limit that substantially influences 
ATge detection. 

Techniques using regression analysis are highly sen- 
sitive to alterations in the VCO,/ VO, slope that may 
result from the oscillatory breathing pattern often ob- 
served in patients with cardiac disease.” Cyclic fluctua- 
tions in minute ventilation complicate manual detection 
methods based on analysis of the ventilatory equivalents 

, and end tidal values for O, and CO3. 

+ Protocols with fixed interval load increments or gas 
exchange data collected from a mixing chamber will not 
permit adequate resolution of the ATge.”! Accurate res- 
olution requires breath-by-breath analysis of data col- 
lected during a continuous ramp protocol. 

Theoretically, computer analyses might best inter- 
pret large volumes of gas exchange data and most cor- 
rectly detect the anaerobic threshold. However, al- 
though computerized programs may make estimation of 
the anaerobic threshold effortless, the method is not 
automated because the same experience and expertise 
required for manual detection is necessary to ensure 
that the automatic calculation is physiologically sound 
and has not incorporated artifact. This technique re- 
quires a continuous ramp protocol with a target test du- 
ration of 8 to 12 minutes. Gas exchange data must be 
collected on a breath-by-breath basis and the subject 
should exercise to a respiratory exchange ratio 21.05 in 
order to provide adequate data for analysis. 


This program is applicable for ATge detection in 
large clinical studies evaluating functional capacity in 
patients with heart failure. Such analysis requires objec- 
tivity and the application of uniform criteria. The re- 
sults demonstrate that the method correlates well to lac- 
tate acidosis threshold, is reproducible, and should be 
useful for assessing submaximal exercise performance. 
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EDITORIALS 


Hemodynamic Shear Force in Rupture of 
Coronary Arterial Atherosclerotic Plaques 


S. David Gertz, MD, PhD, and William C. Roberts, MD 


a direct pathogenetic relation among rupture of 

a coronary arterial atherosclerotic plaque, coro- 
nary thrombus formation, and acute myocardial infarc- 
tion (AMI).'"'! However, the local pathophysiologic 
factor or factors responsible for the initiation of plaque 
rupture have not been identified. Suggestions have in- 
cluded hemorrhage into a plaque after injury to vasa 
vasora; mechanical compression associated with coro- 
nary spasm; increased intraluminal arterial pressure; 
and circumferential tensile stress on the “fibrous cap” 
of the plaque. In this article we summarize the evidence 
for and against each of these theories and present the 
case for hemodynamic (rheologic) shear forces as a fac- 
tor in the pathogenesis of plaque rupture. 

Rupture of vasa vasora: Damage to small vascular 
channels within atherosclerotic plaques has been sug- 
gested by a number of investigators to be a source of 
plaque hemorrhage,'*-!> but none has shown how this 
might result in plaque rupture. Extravasation of eryth- 
rocytes from injury to intraplaque vascular channels is 
known to occur in large plaques, but this has been dis- 
tinguished from hemorrhage associated with plaque 
rupture by the absence in the former of associated fibrin 
and platelets.'° Moreover, Constantinides,!’ in an anal- 
ysis of serial sections of 17 cases of fatal coronary 
thrombosis, showed that the associated plaque hemor- 
rhage could always be traced to an entry of blood from 
the lumen through the same crack in the plaque. Thus, 
although intraplaque vascular channels are seen often, it 
is Our experience that they are not seen within lipid-rich 
pultaceous debris, and there is no evidence that such 
channels are associated with plaque hemorrhage which 
accompanies rupture of a coronary atherosclerotic 
plaque. 

Plaque compression by coronary vasospasm: Vaso- 
constriction or spasm has been proposed as a cause of 
rupture of an atherosclerotic plaque,!8-2 but can vaso- 
spasm occur in severely narrowed coronary arteries? 
The dominant histopathologic component of coronary 
atherosclerotic plaques is fibrous tissue, and, when the 
luminal narrowing is severe, the underlying media is of- 
ten severely attenuated.*!’? Nevertheless, angiographic 


A ngiographic and necropsy studies have suggested 
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studies, particularly those involving provocative testing 
with ergonovine maleate, have identified spasm in coro- 
nary arteries at, and in close proximity to, sites of severe 
luminal narrowing.” Recent experimental studies 
have suggested that sites of atherosclerotic narrowing 
may be hypercontractile because of possible loss of en- 
dothelial-dependent arterial relaxation associated with 
structural or functional damage to these cells.?°:29 Joris 
and Mama"! and Kurgan et al?! reported endothelial 
desquamation after experimental vasospasm induced by 
periarterial application of L-epinephrine and calcium 
chloride. Thus, it appears that vasospasm may occur at 
sites of atherosclerotic stenosis and that vasospasm may 
be associated with damage to the arterial intima. How- 
ever, that vasospasm may cause plaque rupture remains 
an important but still unanswered question. 

Sudden increase in intraluminal arterial pressure: 
Constantinides reported that intravenous injection of 
various vasopressor amines, in combination with Russel 
viper venom, induced thrombus formation associated 
with plaque fissure and hemorrhage in arteries with ad- 
vanced atherosclerosis.**3 It was hypothesized, there- 
fore, that plaque fissures can be produced in mamma- 
lian atherosclerotic arteries by a sudden surge of intra- 
luminal pressure in synergy with endothelial damage 17 
It can be questioned, however, whether this model pro- 
vides a sufficiently convincing case for increased intra- 
luminal pressure as a factor in the initiation of plaque 
rupture, and whether an agent such as Russel viper ven- 
om, which can cause endothelial damage, might not by 
itself contribute to plaque rupture. 

Increased circumferential tensile stress: Richardson 
et AT recently suggested that the eccentric “pools” of 
extracellular lipid within the atherosclerotic plaque are 
associated with increased circumferential tensile stress 
on the thin residuum of fibrous tissue adjacent to the 
lumen, particularly during ventricular systole, and that 
variations in the mechanical strength of the plaque cap, 
such as that which may result from infiltration of foam 
cells, might further contribute to the likelihood of rup- 
ture at such sites. This hypothesis is based on a comput- 
erized reconstruction of the distribution of tensile stress 
within the arterial wall in response to theoretic elevation 
of intraluminal pressure. Values for tensile strengths of 
the various components of the atherosclerotic plaque 
were obtained from previous studies involving microme- 
chanical testing of samples of intima and media ob- 
tained from the coronary arteries of human cadavers. 
Although the applicability of this model to the biophysi- 
cal forces generated in vivo in the highly pulsatile coro- 
nary arterial system may be questioned, this study pro- 





vides valuable information concerning the potential for 
components of the atherosclerotic plaque to yield in re- 
sponse to increased lateral pressure forces, which are 
well within the realm of physiologic possibility. 

In the following discussion we present evidence sup- 
porting hemodynamic shear forces as a major factor in 
the initiation of plaque rupture. 

Plaque rupture involves plaques heavily laden with 
extracellular lipid material (pultaceous debris) covered 
by a thin residuum of fibrous tissue (cap) adjacent to 
the lumen.'®34-36 Morphometric analysis (performed 
by a computerized technique described elsewhere**) of 
Movat-stained sections of the infarct-related coronary 
arteries of patients who died after their first acute myo- 
cardial infarction showed the atherosclerotic plaques at 
sites of plaque rupture to consist of about 32% pulta- 
ceous debris, whereas plaques not associated with rup- 
ture contained approximately 5% pultaceous debris (Ta- 
ble I). 

Although plaque rupture occurs at sites of luminal 
narrowing, the degree of narrowing is usually insuffi- 
cient to reduce the rate of distal coronary blood flow. 
Histologic study of Movat-stained sections from 101 
five-mm-long segments at sites of plaque rupture in the 
infarct-related arteries of 37 patients with first and fatal 
acute myocardial infarction showed the lumen to be 
narrowed by 51 to 75% in cross-sectional area by plaque 
in 27 (27%) segments; by 76 to 95% in 66 (65%) seg- 
ments; and by 96 to 100% in 5 (5%) segments?” (Figure 
1). By planimetry, with the internal elastic lamina as 
the perimeter of the luminal circle, the mean percent 
reduction in luminal cross-sectional area by atheroscle- 
rotic plaque alone (of all 5-mm coronary segments) at 
sites of plaque rupture was 81 + 9%. Although the lat- 
ter is significantly greater than the mean percent cross- 
sectional narrowing of all segments of the infarct-relat- 





FIGURE 1. Seventy-five percent reduction in cross-sectional 
area corresponds to approximately 50% diameter reduction. 
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TABLE I Planimetric Measurements of Components of 
Atherosclerotic Plaque for All Segments (5-mm Intervals) of 
the Infarct-Related Coronary Arteries of 17 Patients with 
Plaque Rupture 


Segments Plaque Components (%) 
with 
Plaque 
Rupture 
(no.ofS) ANS 


Fibrous Tissue Calcific Deposits | Pultaceous Debris 


S>75% Alz S>75% ANS S>75% 


63+14* 63412 649 549 32414 32414 


77413 69415 14413 15415 5+5 122410 


0.002 0.10 0.02 0.30 0.0001 0.02 


* Each number represents the mean percent (+ standard deviation) of plaque area 
occupied by the 3 plaque components listed for all 5-mm coronary segments of each 
patient (all S) or just segments of each patient that were narrowed >75% in luminal 
cross-sectional area by plaque (S >75%). p values were calculated by paired 2-tailed t 
tests, no. of S = number of segments. 





ed arteries that did not have plaque rupture (68 + 9%, p 
= 0.002), this “severe” degree of cross-sectional nar- 
rowing corresponds, if considering a perfect circle, to 
approximately 56% reduction in transluminal diameter 
by plaque alone, which is insufficient, by itself, to re- 
duce the rate of distal coronary flow substantially. This 
observation is supported by the necropsy studies of 
Falk,> which show that, of 103 sites of plaque rupture, 
the lumen was narrowed, in cross-sectional area, by 
<75% in 39 (38%), by 75 to 94% in 69 (67%), and 
>94% at only 12 (12%) sites of plaque rupture. From 
quantitative high-resolution angiographic studies, the 
“critical stenosis,” beyond which coronary flow is suffi- 
ciently reduced to cause symptoms, has been deter- 
mined to range between 70 and 80% reduction in lumi- 
nal diameter, which corresponds to approximately 90 to 
95% reduction in cross-sectional are ZP Because angio- 
graphic images may underestimate the degree of diame- 
ter reduction, in that the most narrowed areas are com- 
pared to less narrowed and not necessarily normal 
areas,’ the degree of actual diameter reduction neces- 
sary to result in critical reduction in flow might be even 
greater (Figure 2). In contrast, techniques of specimen 
preparation for histopathologic study, such as fixation 
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FIGURE 2. Comparison between angiographic and necropsy 
views of luminal narrowing. 
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and dehydration, may cause tissue shrinkage and, 
hence, slight overestimation of absolute values of lumi- 
nal narrowing.*? 

Angiographic studies have suggested that the degree 
of stenosis of infarct-related coronary arteries is not a 
reliable predictor of the time or location of future myo- 
cardial infarcts, and that infarcts frequently develop in 
association with coronary arteries that previously were 
not severely narrowed.*!.4* It can be argued that the hy- 
pothesis—that coronary arteries subtending a myocar- 
dial infarct frequently are not critically narrowed—is 
not strongly supported by the latter studies, because 
they were based on angiograms performed weeks to 
years before the infarction, and these images may un- 
derestimate the degree of diameter reduction.2? None- 
theless, we and others have found the lumen at sites of 
plaque rupture frequently to be narrowed by <75% in 
cross-sectional area (<50% diameter reduction)—a 
finding that supports the concept that even moderately 
narrowed atherosclerotic plaques may rupture. 

Hemodynamic wall shear at sites of “subcritical” 
arterial narrowing has been calculated to be sufficient- 
ly strong to cause marked endothelial damage followed 
by platelet deposition and thrombus formation on ex- 
posed subendothelial tissues. Correlative scanning elec- 
tron microscopic and blood flow studies of the coronary 
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FIGURE 3. Hemodynamic shear force as a factor in rupture of 
atherosclerotic plaque. 
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arteries of dogs and the common carotid artery of rab- 
bits have shown that marked endothelial damage, with 
extensive platelet deposition and thrombus formation on 
exposed subendothelial tissues, may occur at the site of 
a partial arterial constriction (40 to 60% reduction in 
transluminal diameter) even, and perhaps particularly, 
when the reduction in luminal diameter is insufficient to 
alter substantially the rate of distal coronary blood 
How 2777 This observation is supported by reports of 
functional and structural changes in the endothelial lin- 
ing***8 associated with arterial curvatures and “flow di- 
viders”*? of branch orifices. These sites are normally 
subjected to increases in the magnitude of wall shear 
stress (foree of the flowing blood, which is parallel to 
the luminal surface and independent of turbulence) or 
wide variations in the direction of these forces, or both. 
This observation is further supported by Fry,°° in whose 
study a partially occlusive, intravascular grooved plug 
was used to narrow the arterial lumen acutely. He re- 
ported that when the shear forces of the blood approach 
379 + 85 dynes/cm?, the “acute yield stress of the en- 
dothelial surface” in his model system, rapid cellular de- 
terioration occurred, resulting in endothelial desquama- 
tion. That shear forces of this magnitude might be pos- 
sible at sites of plaque rupture in humans can be 
estimated as follows: By applying Poiseuille’s law, shear 
stress may be expressed as r = 4Qp/rr?, where + = 
shear force in dynes/cm?, Q = coronary blood flow dis- 
tal to the site of constriction in ml/s, p = viscosity of the 
blood in units of poise, and r = the luminal radius at the 
site of constriction in centimeters. Assuming the aver- 
age lumina! diameter of a “normal” coronary artery to 
be 3.0 mm, the luminal radius of such a coronary artery 
at the site of a 50% diameter reduction would be 0.075 
cm. The average viscosity of the blood, assuming nor- 
mal hematocrit, is approximately 0.047 poise, and coro- 
nary blood flow in, for example, the left anterior de- 
scending coronary artery distal to the site of a 50% sub- 
critical stenosis, can be assumed to remain at 150 ml/ 
min with maintenance of normal arterial pressure, al- 
though flow may increase more than 3-fold during exer- 
cise. The shear force under these conditions is calculat- 
ed to be 353 dynes/cm2, which is well within the range 
of shear forces hypothesized by Fry to be capable of 
inducing endothelial damage. These calculations as- 
sume steady, laminar flow. Accurate calculations of 
shear forces in pulsatile arterial systems like the coro- 
nary arteries are virtually impossible without knowing 
the precise velocity profile across the arterial lumen. 
The marked blunting of the velocity profile that occurs 
across the arterial lumen in circumstances of pulsatile 
flow results in a much greater velocity gradient at the 
arterial wall, especially at sites of arterial constriction, 
such that it would be reasonable to expect a 5-fold in- 
crease or more in shear stress in pulsatile flow over that 
for the same mean flow rate in steady flow.5!52 The 
shear force might increase even further during exercise, 
but this increase may be offset at least partially by au- 
toregulatory mechanisms. 

It may be argued that just because shear forces 
cause marked endothelial damage does not prove that 
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they are capable of causing plaque rupture. Indeed, fur- 
ther multidisciplinary studies are necessary to confirm 
this hypothesis. Nonetheless, intimal damage thus pro- 
duced, even if initially of minimal mural depth, may 
increase the likelihood of rupture at such sites, particu- 
larly when occurring in segments with extensive 
amounts of pultaceous debris and correspondingly thin- 
ner residuum of fibrous tissue between the pultaceous 
debris and the arterial lumen (Figure 3). Exposure of 
thrombogenic stimuli, such as collagen fibrils and pulta- 
ceous debris, followed by platelet adhesion and throm- 
bus formation, may result in partial or total arterial oc- 
clusion at such sites by thrombus, with facilitation of 
such occlusion by superimposed spasm consequent to 
the release of vasoactive compounds from platelets at 
the sites of damaged or absent endothelium. Vasocon- 
striction at sites of endothelial desquamation also might 
increase the likelihood of plaque rupture, by the me- 
chanical effects of the constriction itself on the arterial 
wall, or by further increasing the intensity of the hemo- 
dynamic shear on the already damaged intima, provided 
that the constriction remains below the “critical steno- 
sis.” 
Intimal damage associated with hemodynamic shear 
might also be expected to facilitate the sequence pro- 
posed by Richardson et al,** by decreasing the circum- 
ferential tensile force necessary to rupture the plaque at 
sites of extensive pultaceous debris and an attenuated 
fibrous tissue residuum. 

Thus, it appears likely that coronary atherosclerotic 
plaques may rupture even when, and perhaps particu- 
larly because, the reduction in luminal cross-sectional 
area is insufficient to reduce distal coronary flow. In- 
creased shear force associated with the acutely nar- 
rowed arterial segments may, by itself, cause intimal 
damage sufficiently severe to cause plaque rupture, or it 
may participate with either or both intramural circum- 
ferential stress or mechanical forces associated with ac- 
tive vasoconstriction as a component of a multifactorial 
pathogenesis of plaque rupture. 
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Stepped-Down Therapy Versus Intermittent 


Therapy in Systemic Hypertension 





Frank A. Finnerty, Jr., MD 


suggested the possibility of “step-down” therapy 

and discontinuing therapy in hypertensive pa- 
tients.!-2° Reducing the dosage of 1 drug or eliminating 
another in patients after blood pressure has been con- 
trolled for a specific length of time is different than dis- 
continuing therapy. Step-down therapy should be re- 
served for patients with moderately severe or severe hy- 
pertension requiring >1 drug to control the arterial 
pressure, whereas discontinuation of therapy should be 
considered only in patients with mild hypertension who 
only need 1 drug. It is obvious, therefore, why the 
many studies!~2° evaluating discontinuation of therapy 
have demonstrated such a wide variation of success: 
3 to 74%. 

In 1978, in an attempt to determine the minimum 
amount of therapy needed to control arterial pressure in 
patients receiving multiple antihypertensive agents, I 
began in a stepwise fashion to reduce the dose of 1 of 
the drugs and then discontinue use of 21 of the agents 
after the blood pressure had been at goal limits for 6 
months.2° Of the 51 patients available for the study, 20 
were originally receiving 3 antihypertensive agents, and 
31 were receiving 2. Each had objective evidence of vas- 
cular disease, i.e., fundal changes and electrocardio- 
graphic evidence of left ventricular hypertrophy. After 6 
months it was possible to eliminate 1 drug or reduce the 
dose of another in 49 of 51 patients. In addition, there 
was a significant reduction in the frequency of adverse 
effects. At the beginning of step-down therapy there 
were 161 complaints of side effects from the 51 pa- 
tients. After step-down therapy 29 (18%) reported side 
effects were unchanged, 42 (26%) were significantly de- 
creased and 90 (56%) were completely absent. 

Since these original observations, I have continued 
with the practice of stepping-down therapy in patients 
w: A moderately severe hypertension receiving >1 drug 
after the diastolic pressure has remained <85 mm Hg 
for a period of 6 months. Two-hundred forty additional 
patients have been observed. Therapy has consisted of 
combinations of a diuretic plus an angiotensin inhibitor 
plus a 8 blocker (65 patients), a diuretic plus an angio- 
tensin inhibitor plus a calcium antagonist (72 patients); 
and a diuretic plus a 8 blocker (103 patients). In the 
137 patients who were originally receiving 3 drugs, we 


D uring the past 30 years many investigators have 
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were able to omit 1 drug in 94 patients (the 8 blocker or 
calcium antagonist) and reduce the dose of 1 of the 
drugs in all the others. In the 103 patients receiving 2 
drugs, the diuretic was omitted in 19 and the 8 blocker 
was discontinued in 19. Each of these patients has been 
followed for 22 years. A 46% reduction in side effects 
resulted. 

Prompted by these observations, the dosage of 
chlorthalidone (monotherapy) was decreased in a step- 
wise fashion and then discontinued after the diastolic 
blood pressure had been maintained <85 mm Hg for 6 
months in 67 patients with mild systemic hypertension 
(diastolic blood pressure 92 to 104 mm Hei Chlor- 
thalidone therapy was discontinued in 36 of the 67 
patients. These patients have now been followed for 
7 years. 

Since this original study, an additional 135 patients 
with mild hypertension receiving monotherapy have 
gone through the step-down routine after their diastolic 
blood pressure had been <85 mm Hg for 6 months. 
Therapy consisted of 50 mg of atenolol (61 patients), 10 
to 20 mg of enalopril (43 patients) and 240 mg of vera- 
pamil (31 patients). Therapy could be entirely discon- 
tinued in 65 patients (atenolol in 40, captopril in 12, 
verapamil in 9). These patients have now been followed 
for 2 years. 

There is no doubt that patients with mild hyperten- 
sion frequently have a spontaneous reduction to normal 
levels of diastolic blood pressure after their initial appre- 
hension has been abated. In the Australian mal" 48% 
of patients with mild hypertension treated with placebo 
over a 3-year period had a reduction in diastolic blood 
pressure to 95 mm Hg. The short period of pretreat- 
ment observation in my studies prevents any assessment 
of the reason for the decrease in diastolic blood pres- 
sure, i.e., a spontaneous decrease or modification of dis- 
ease by treatment. In my opinion the high-risk nature of 
these groups precluded a prolonged period of pretreat- 
ment observation. The average diastolic blood pressure 
was 97 + 6 mm Hg, and there was ophthalmoscopic 
evidence of arteriovenous nicking in every patient and a 
strong family history of stroke of myocardial infarction 
in >2 members of the immediate family in all but 9 
patients. In addition, 84 patients smoked >l pack a 
day, 91 were black men, 21 were diabetic and 24 had 
electrocardiograms with nonspecific T waves. 

Nonpharmacologic methods of therapy, particularly 
cessation of smoking, dietary restriction of sodium or 
weight loss, might well have produced similar or better 
therapeutic results. I have usually been unsuccessful in 
getting patients to stop smoking. The patients in my 
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studies were specifically asked not to change their di- 
etary habits so that I could better evaluate the effects of 
decreasing the dose or discontinuing the drug on diastol- 
ic blood pressure. I believe that weight loss and, particu- 
larly, reduction of dietary sodium (which I usually have 
recommended) would most probably increase the num- 
ber of patients whose therapy could be discontinued. 
The studies of Langford'* and Stamler!® and their co- 
workers provide further evidence of the positive effects 
of nutritional therapy as a substitute for drugs in a hy- 
pertensive population. I would agree fully with Stamler 
et al? that patients who had stopped drug therapy and 
concomitantly reduced overweight excess, excess salt in- 
take and alcohol were most likely to remain normoten- 
sive after a follow-up of up to 4 years. 

I am particularly intrigued with the suggestion of 
Schmieder et al!’ that a positive cold pressor test in pa- 
tients with mild hypertension might be helpful in pre- 
dicting patients who continue to take antihypertensive 
therapy. 

Surely, the fewest drugs administered in lowest dos- 
age needed to control the arterial pressure is a sound 
pharmacologic principle. The reduction of the number 
of pills and particularly the times of administration has 
not only decreased the frequency of side effects and 
greatly enhanced adherence to therapy, but most impor- 
tant, also has provided the patients with objective evi- 
dence of his or her improvement. 

Once the arterial pressure has been controlled, par- 
ticularly if significant adverse effects are present, one 
should attempt step-down therapy to determine both the 
minimum number of antihypertensive agents needed 
and the minimum effective dosage. Eliminating 1 drug 
or reducing the dose of another has the potential of de- 
creasing side effects, maintaining well-being, enhancing 
adherence to treatment, and is certainly cost-effective. 

In patients with mild hypertension, intermittent 
rather than life-long therapy may be possible. Thus, in 
36 of my 67 original patients (followed for 7 years) and 
in 65 of my additional 115 patients (followed for 2 
years) whose diastolic pressure remained <85 mm Hg 
after therapy was discontinued, I will not initiate thera- 
py unless the diastolic increases above this level. The 
addition of a low-sodium diet, weight reduction and a 
decrease in alcohol consumption will undoubtedly en- 
hance the period of normotension. These patients have 
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been instructed to have their pressure monitored every 6 
months. Elimination of the necessity of daily life-long 
therapy surely gives the patient with mild hypertension 
a much brighter outlook. 
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A 50-Year-Old Useful Report on Coronary 
Risk for Noncardiac Surgery 


Nanette K. Wenger, MD 


sessing the risk of perioperative coronary events 

in coronary patients who require noncardiac sur- 
gery. Several features have contributed to this height- 
ened concern. First is the high mortality attendant on 
perioperative acute myocardial infarction, reported at 
about 60% in many series.!? Second is the increased 
prevalence of extensive noncardiac surgical procedures 
both among patients with known coronary disease and 
among elderly patients who have a high likelihood of 


(Cre he attention is currently devoted to as- 


y unrecognized coronary disease; perioperative infarction 


is now the major cause of postoperative death in elderly 
patients who undergo noncardiac surgery (Figure 1). 
Third is the delineation, initially in a Cleveland Clinic 
report? and subsequently in the Coronary Artery Sur- 
gery Study Registry* data that coronary patients after 
coronary bypass surgery had an operative mortality for 
noncardiac surgery comparable to that of patients with- 
out significant coronary disease. Also pivotal was the 
determination, again initially based on Cleveland Clinic 
data, that although 34% of patients evaluated for elec- 
tive peripheral vascular surgery had severe but “correct- 
able” coronary disease, severe correctable disease was 
also present in 14% of patients without prior clinical 
manifestations of coronary disease. Delineation of se- 
vere coronary disease among asymptomatic patients 
scheduled for noncardiac surgery fostered interest in 
preoperative risk stratification both of patients with 
known coronary disease and of those at increased risk 
for its presence. 

A multifactorial risk index developed by Goldman et 
al highlighted the substantially increased risk status of 
patients with myocardial infarction within 6 months, 
age >70 years, evidence of heart failure, hemodynami- 
cally significant aortic stenosis, atrial and ventricular 
arrhythmias preoperatively, poor general medical sta- 
tus, extensive surgery and emergency operation. More 
recent classifications also emphasize the importance of 
the clinical profile in the assessment of coronary risk for 
noncardiac surgery; young patients, women, and pa- 
tients without angina or myocardial infarction are at 
low risk for an adverse cardiac outcome and do not re- 
quire specific risk assessment testing. Older men with 
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chest pain syndromes and patients with coronary risk 
factors are considered at moderate risk; older men with 
known coronary disease and prior signs or symptoms of 
left ventricular dysfunction are at high risk; and those 
with unstable coronary syndromes and recent uncom- 
pensated heart failure, particularly pulmonary edema, 
are at very high gek P! Patients in the intermediate cat- 
egory require further, generally noninvasive, testing to 
separate them into high- and low-risk subsets for anes- 
thesia and surgery. 

In the application of specialized preoperative cardiac 
testing, the inability to exercise to an adequate intensi- 
ty’ is considered indicative of a potential high risk. Di- 
pyridamole thallium testing for patients with peripheral 
vascular disease who often cannot exercise,’ more pre- 
cise evaluation of the dipyridamole thallium imaging by 
scintigraphic indexes and evidence of reversible left ven- 
tricular dilatation,? and preoperative ambulatory elec- 
trocardiographic monitoring for silent ischemia! are 
among the suggested test approaches, but none have 
been studied comparatively. Furthermore, many of 
these tests were undertaken in patients being evaluated 
for peripheral vascular surgery; this subgroup has a 
high concordance of coronary disease with peripheral 
vascular disease, to the extent that the predictive accu- 
racy of these and other tests for nonvascular surgery 
cannot be readily extrapolated. 

Emphasis remains on the initial clinical recognition 
of the high-risk subsets who warrant coronary arteriog- 
raphy to delineate severe correctible coronary disease, if 
correction is feasible given the urgency of the contem- 
plated surgery. Subsequent clinical delineation of an in- 
termediate risk subgroup is needed, for whom noninva- 
sive testing can further clarify risk status. 

In this regard, an interesting report of 625 episodes 
of coronary artery occlusion (acute myocardial infarc- 
tion), of which nearly 6% were postoperative, merits re- 
view. Postoperative infarction was 66% fatal in this se- 
ries, with 5 patients diagnosed only at necropsy. Two- 
thirds of patients with postoperative infarction were 
>60 years; there was a 4.8:1 male to female ratio, de- 
spite an equal number of hospital operations by gender. 
All but 3 patients had a clinical history of coronary dis- 
ease with moderate to severe symptoms; and coronary 
sclerosis and narrowing was evident in all patients who 
came to necropsy. Half of the coronary events occurred 
within 3 days of surgery, and most operations were clas- 
sified as major. The investigators cited the difficulty of 
diagnosis because severe pain was often absent owing to 
perioperative narcotic and sedative use, and because the 
myocardial infarction manifestations of shock, dyspnea 
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25 MILLION 
NONCARDIAC OPERATIONS/ YEAR 


4 MILLION* 
> AGE 65 YEARS 


1 MILLION 
KNOWN CORONARY DISEASE 


2-3 MILLION 
AT RISK FOR CORONARY DISEASE 


7-8 MILLION 
HIGH-RISK PATIENTS 
PERIOPERATIVE CORONARY EVENTS 


FIGURE 1. Population at risk for perioperative coronary 
events. * Not included in population known to have or be at 


risk for coronary artery disease. (Adapted with permission 
from Anesthesiology.'* Based on data from the National Cen- 
ter for Health Statistics, U.S. Public Health Service, Depart- 
ment of Health and Human Services, 1988; the American Col- 
lege of Surgeons; and the American Society of Anesthesiolo- 
gists.) 


and cyanosis were often difficult to differentiate from 
those due to surgical shock or pulmonary embolism, or 
both. They speculated about the mechanism of coronary 
artery occlusion resulting in myocardial infarction, sug- 
gesting either thrombosis on an atherosclerotic plaque 
or hemorrhage into the plaque. They further postulated 
that alterations in the coronary circulation might be 
contributory: (1) shock decreasing venous return, cardi- 
ac output, and coronary blood flow; (2) tachycardia de- 
creasing the duration of ventricular diastole and in- 
creasing cardiac oxygen demand, causing coronary in- 
sufficiency; (3) dehydration decreasing blood volume 
and increasing blood viscosity; and (4) tissue destruction 
releasing circulating guanidine, histamine, and so forth, 
and causing arterial wall damage. Their conclusions 
emphasized the importance of preoperative cardiovascu- 
lar evaluation, the need for criteria for operations in el- 
derly patients, and the importance of perioperative at- 
tention to blood pressure. The contemporary relevance 
of this report is remarkable, given its date of publica- 
tion, April 30, 1938, in the Journal of the American 
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Medical Association.'' It was written by Drs. Arthur 
Master, Simon Dack and Harry Jaffe, and reviewed 
postoperative coronary artery occlusion at the Mount 
Sinai Hospital, New York City, between 1931 
1937. 


and. 
Precise clinical observation, correlation with 








available laboratory tests and with the pathoanatom, | 


defined at necropsy, clearly enabled conclusions compa- 
rable to those based on results of high-technology costly 
test procedures over half a century later. Furthermore, 
the suggested mechanisms for adverse cardiac output 
mirror those postulated in 1990.!2 
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Perioperative Myocardial Ischemia and Infarction 


Simon Dack, MD 


lished in the 1930s are rarely referred to in cur- 

rent cardiology journals. I was therefore pleas- 
antly surprised when I received Nanette Wenger’s man- 
uscript on “Coronary Risk for Noncardiac Surgery,” 
which appears in this issue of the Journal.' She summa- 
rizes the results of an article on “Postoperative Coro- 
nary Occlusion,” which I co-authored with Arthur Mas- 
ter and Harry Jaffe and published in 1938. 

It is difficult for the modern young cardiologist to 
visualize the state of clinical cardiology 50 to 60 years 
ago. Although primitive compared to the high-technolo- 
gy cardiology practiced today, many important clinical 
studies were carried out by clinicians, such as Paul D. 
White, Samuel Levine, Arthur Master, Louis N. Katz, 
Howard Sprague, and others, which form the basis of 
current cardiologic practice. 

With respect to acute myocardial infarction in the 
1930s, clinical diagnosis was based on a complete histo- 
ry, physical findings, chest x-ray and electrocardiogram. 
The latter consisted initially only of 3 standard limb 
leads, later supplemented by 1 precordial lead (CF4). 
Multiple precordial leads became routine in the late 
1930s. For confirmation of the diagnosis of acute myo- 
cardial infarction, fever, leukocytosis and increased sed- 
imentation rate were helpful, but these were nonspecific 
findings. None of the specific serum enzyme tests and 
noninvasive imaging techniques to study ventricular 
function, wall motion and myocardial perfusion was 
available, nor were cardiac catheterization and coronary 
angiography. There also was no available system for 
continuous monitoring of the electrocardiogram. 

To assess ventricular function, we relied on the heart 
rate, blood pressure and measurements of circulation 
time (arm-to-tongue and arm-to-lung) and venous pres- 
sure performed at the bedside. I learned how to measure 
cardiac output by the acetylene rebreathing method but 
it was a laborious and tedious procedure that took at 
least an hour. Nevertheless, several studies were pub- 
lished on the cardiac output in patients after recovery 
from acute myocardial infarction. 

Despite these handicaps, many important clinical 
observations on acute myocardial infarction were pub- 
lished. From our own department at Mount Sinai Hos- 
pital, these included studies on precipitating and predis- 
posing factors, clinical and diagnostic features, treat- 
ment, and prognosis on long-term follow-up. Special 


éen in the 1930s: Clinical studies pub- 
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attention was given to cardiogenic shock, congestive 
heart failure, cardiac arrhythmias and conduction de- 
fects. The published studies have been confirmed by 
more modern techniques. 

Postoperative myocardial infarction: Among the 
aforementioned reports was the one on “Postoperative 
Coronary Occlusion” discussed by Nanette Wenger.! It 
was based on a review of 625 patients with acute myo- 
cardial infarction studied from 1931 to 1937. Wenger 
found it “remarkable” that our conclusions based on 
our clinical findings are comparable to those in more 
current reports based on more modern “high-technology 
costly test procedures.” I agree with her. 

The title of our article deserves comment. It reflects 
the difference of opinion concerning the cause of myo- 
cardial infarction, which was prevalent at that time and 
which continued for many years. Our group believed 
that acute myocardial infarction was caused by an 
acute coronary occlusion due to occluding thrombus. 
There were others who believed that the infarction was 
primary and the acute thrombosis secondary. We con- 
sidered that such an infarction caused by coronary oc- 
clusion was transmural (now labeled Q-wave infarc- 
tion). We also believed that infarction could be caused 
by “acute coronary insufficiency” (now labeled acute 
ischemia) as a result of a sudden decrease in coronary 
blood flow or increased myocardial oxygen demand. 
Such infarction was generally focal or subendocardial 
(now labeled non-Q-wave infarction). Our title “Acute 
Coronary Occlusion” reflects our belief that our cases 
of perioperative or postoperative infarction were caused 
by acute thrombosis, even though surgery can precipi- 
tate many hemodynamic complications that can cause 
acute coronary insufficiency or acute ischemia without 
gross infarction. These include hypotension, shock, 
blood loss, tachycardia, arrhythmias and hypoxia, and 
may lead to non-Q-wave as well as to Q-wave infarc- 
tion. It is of interest that all 19 of the 35 postoperative 
patients in our series who came to autopsy exhibited 
acute coronary occlusion due to thrombosis. 

Mechanism of perioperative coronary thrombus: 
Acute thrombosis superimposed on an atherosclerotic 
plaque is currently attributed to: (1) acute plaque fis- 
suring, dissection or rupture, with platelet deposition 
and aggregation; and (2) the combination of a severely 
stenotic lesion, with mild damage on its surface, and a 
predisposing “thrombogenic stimulus” that may be hu- 
moral in nature. In our report,” we mentioned subinti- 
mal hemorrhage as a factor; this is now considered a 
result of intimal fissuring or rupture. We also men- 
tioned humoral as well as hemodynamic factors that 
could cause acute changes in the vessel wall. Among the 
former, we mentioned histamine and guanidine. Present 
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day humoral factors predisposing to thrombus forma- 
tion are catecholamines, platelet-derived factors such as 
serotonin, adenosine diphosphate and thromboxane, and 
von Willebrand factor, present in plasma, platelets and 
vessel wall. All these factors are considered important 
for platelet aggregation and adhesion to the vessel wall. 

Conclusion: A panoply of high-technology equip- 
ment and procedures are now available to the anesthesi- 
ologist and surgeon in modern operating and recovery 
rooms. It is essential to monitor respirations, oxygen in- 
take, heart rate, and systemic and pulmonary pressures 
to prevent and detect complications such as intraopera- 
tive and postoperative hypoxia, hypotension, shock and 
hemorrhage, which are the major precipitating factors 
of acute myocardial ischemia and infarction in patients 
with coronary artery disease. Because the majority of 
our cases of infarction were diagnosed in the postopera- 
tive period, there may be additional postoperative fac- 
tors predisposing to coronary thrombosis. These include 
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changes in fluid balance, catecholamines and thrombot- 
ic factors. 

Finally, preoperative parameters of ischemia, as dis- 
cussed by Wenger. may identify the high-risk patient. 
This suggests that the cause of thrombotic occlusion is 
probably a severely stenotic plaque with superficial en- 
dothelial damage, plus the addition of the previously 
mentioned thrombogenic stimuli. It is also of interest 
that anesthesiologists are now monitoring the esophage- 
al echocardiogram in high-risk patients undergoing non- 
cardiac surgery. This sensitive method for detecting 
myocardial ischemia during surgery may help in pre- 
venting perioperative myocardial infarction. 
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Ages at Death and Sex Distribution in Age Decade in Fatal Coronary 


Artery Disease 


Wiliam C. Roberts, MD, Amy H. Kragel, MD, and Benjamin N. Potkin, MD 


A prominent article in the lay press in 1989 stressed 
that coronary artery disease was an “old person’s 
disease.”! Apparently many physicians also consider cor- 
onary artery disease to be an “old person’s disease.” Re- 
cently, Roberts et al? reported a large series of necropsy 
patients with fatal coronary artery disease. Using data 
from the earlier study, these investigators examined the 
age of death in men and in women with fatal coronary 
artery disease, the ages at death in the various types of 
fatal coronary events, and the ages at death in 3 different 
decades. 

This study analyzes 867 patients >30 years of age 


[87%] were men and 50 [13%] were women) (Figure 1). 
The percentage of women progressively increased in the 
3 decades aged 61 to 70,71 to 80 and 81 to 90 years. Of 
the 256 patients aged 61 to 70 years, 53 (21%) were 
women and 203 (79%) were men; of the 161 patients aged 
71 to 80 years, 65 (40%) were women and 96 (60%) were 
men; and of the 51 patients aged 81 to 90 years, 28 (55%) 
were women and 23 (45%) were men. Of the entire group 
of 867 patients, 667 (77%) were men and 200 (23%) were 
women. 

The mean ages of death in the men and women in 
each of the 4 modes of death are displayed in Figure 2. 





y with fatal coronary artery disease, and each patient was The group with sudden coronary death had a significant- ; 
studied at necropsy. None at any time had a coronary ly (p <0.05) younger (55 years) mean age than the other $ 
bypass operation or another type of cardiac operation, 3 groups; the mean age of the acute myocardial infarc- E 
and none ever had coronary angioplasty or another type tion group was significantly (p <0.05) older (65 years) 8 
of therapeutic invasive coronary procedure. The hearts than that of the other 3 groups. The groups with chronic 
in all patients were examined by WCR and classified by congestive heart failure and unstable angina pectoris had 3 
him into 4 modes of death: acute myocardial infarction, similar and intermediate mean ages (62 and 63 years). a 
sudden out-of-hospital death, chronic congestive heart The sudden coronary death group and the chronic con- q 
failure after healing of acute myocardial infarction, and gestive heart failure group had the highest percentage of 
sudden in-hospital death with unstable angina pectoris. men (90 and 86%). In both the acute myocardial infarc- A 
Further details on the patients included and the defini- tion and unstable angina pectoris groups the percentage 2 
tions used can be obtained from the earlier study.’ of men was less (66 and 73%). e 

The results are displayed in Figures 1 through 4. The The ages at death in the men (Figure 3) and in the J 
mean age of the 667 men was 60 years, and that of the women (Figure 4) in each of 3 decades (1961 to 1990) d 
200 women, 68 years. Three hundred ninety-three (45%) according to the 4 modes of death are shown in Figures 3 ` 
of the 867 patients died from age 31 to 60 years (343 and4. No significant changes were noted in the 3 decades E 

in either gender within each of the 4 groups. 4 
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The Gender According to Decade of Death 
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FIGURE 1. Numbers and percent of patients of each sex by 
age decade with fatal coronary artery disease. 


with Fatal Coronary Artery Disease 
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FIGURE 2. Mean age at death in men and women in each of 4 
modes of death. AMI = acute myocardial infarction; CHF = 
chronic congestive heart failure after healing of acute myocar- 
dial infarction; SCD = sudden coronary death; UAP = unstable 
angina pectoris. 
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FIGURE 3. Mean age of death in men in the 4 modes of death 
in each of 3 decades. Abbreviations as in Figure 2. 


age of death in the men, who comprised 77% of the 
patients, was 60 years, and that of the women, who com- 
prised 23% of the patients, was 68 years. The age at death 
varied a bit depending on the mode of death. The mean 
age at death was youngest in the sudden coronary death 
group (55 years), oldest in the acute myocardial infarc- 
tion group (65 years), and intermediate in the unstable 
angina pectoris and chronic congestive heart failure 
groups (62 years). 

Although women comprised only 23% of the 867 pa- 
tients, their percentage increased progressively after age 
60 years. Of the 393 patients aged 31 to 60 years, only 50 
(13%) were women; in the 61- to 70-year decade, 21% 
were women; in the 71- to 80-year decade, 40% were 
women, and in the 81- to 90-year decade, 55% were 
women. Thus, the gender distribution in any coronary 
study is in part dependent on the age group of the patients 
analyzed. A 1939 report by Gordon et al? on the frequen- 
cy and extent of atherosclerotic plaques in coronary arter- 
ies of 3,400 cases studied at autopsy (data were based on 
information obtained from autopsy protocols) stated that 

. no significant sex difference in the occurrence of 
coronary changes” was noted after age 70 years. 

Some differences in gender also were observed in the 
various modes of death. Because the mean age of the 
sudden coronary death group was the youngest of the 4 
groups, it might be expected that the frequency of men in 
this group would be the highest and indeed that was the 
case (215 of 239 [90%]). Likewise, because the mean age 
of the acute myocardial infarction group was the oldest, it 
might be expected that the percentage of men in this 
group would be the lowest and indeed that was the case 
(282 of 425 [66%]). In the unstable angina group, 72% 
were men and in the chronic congestive heart failure 
group, 86% were men. Thus, the gender distribution in 
any coronary study is in part dependent on the mode of 
death or type of coronary event present. 

Because none of the 867 patients included had had 
coronary bypass or angioplasty or any type of cardiac 
operation or therapeutic invasive procedure, the present 
data may serve as baseline values for comparison to that 
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FIGURE 4. Mean age of death in women in the 4 modes of 
death in each of 3 decades. Abbreviations as in Figure 2. 


acquired in patients undergoing “revascularization” pro- 
cedures. 

Comparison of the data on age and gender in the 
present study to that reported earlier by others is difficult 
for several reasons: (1) The numbers of patients in other 
studies were insufficient to provide meaningful mean age 
or gender data; (2) the study was limited to a single 
gender; (3) the study was limited to a specified age group; 
(4) the study was limited to a single subset of coronary 
patients, usually acute myocardial infarction or sudden 
coronary death; (5) the study did not separate patients 
with fatal ceronary artery disease from those dying from 
noncoronary causes but in whom coronary atherosclero- 
sis was present at necropsy; and (6) the study did not 
mention mean age or it was not possible to determine 
mean age because age was described only in terms of the 
numbers and percentages of patients in the various age 
decades. Five reported necropsy studies, all concerning 
patients with either acute myocardial infarction or sud- 
den coronary death, provided data to which those in the 
present study can be compared. Bean‘ in 1938 examined 
autopsy protocols in 300 patients with fatal acute myo- 
cardial infarction: 209 (70%) were men (mean age 60 
years) and 91 (30%) were women (mean age 62 years). 
McCain et al? in 1950 similarly analyzed 281 patients 
with acute myocardial infarction: 198 (70%) were men 
(mean age 61) and 83 (30%) were women (mean age 63). 
McQuay et alf in 1955 similarly analyzed 133 patients 
with acute myocardial infarction: 81 (61%) were men 
(mean age 63) and 52 (39%) were women (mean age 68). 
Silver et al’ in 1980 analyzed 100 patients with acute 
myocardial infarction: 72 (72%) were men (mean age 61) 
and 28 (28%) were women (mean age 69). Titus et al in 
1973 analyzed 286 patients in whom sudden coronary 
death was the first manifestation of coronary artery dis- 
ease: 213 (74%) were men (mean age 58) and 73 (26%) 
were women (mean age 62). 

In summary, the mean age of men with fatal coronary 
artery disease is about 8 years younger than that of wom- 
en. The gender distribution in any coronary study is in 
part dependent on the age group of the patients analyzed, 
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and in part on the mode of death or type of coronary event 
present. 
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Relation of Angiographic Detected Intracoronary Thrombus and Silent 
Myocardial Ischemia in Unstable Angina Pectoris 


Anatoly Langer, MD, Michael R. Freeman, MD, and Paul W. Armstrong, MD 


n patients with unstable angina pectoris, angiographi- 

cally detected intracoronary thrombus occurs fre- 
quently! and is associated with a worse prognosis, inde- 
pendent of the extent of disease.” Recently, the presence 
and duration of silent ischemia have been shown to be 
powerful predictors of outcome in unstable angina.’ If 
thrombus is the key mediator of unstable angina, and if 
silent ischemia is an important measure of disease activi- 
ty, it is reasonable to suspect a relation between these 2 
phenomena. Because the relation between intracoronary 
thrombus and silent myocardial ischemia has not been 
previously explored, we studied this in patients with un- 
stable angina whose angiographic and Holter data were 
previously reported 77 

Over a consecutive period of 28 months, beginning in 
January 1985, 196 patients with unstable angina as pre- 
viously defined’ were enrolled into the study if they were 
seen within 24 hours of the last rest ischemic chest pain. 
Heparin and aspirin were not routinely used at the time 
of the study and the results of Holter monitoring were 
unavailable to the attending cardiologists. All patients 
gave informed consent and the protocol was conducted in 
a manner approved by a University of Toronto ethics 
review committee. 

Twenty-four-hour ST-segment monitoring was be- 
gun 6.5 + 5.9 hours after the qualifying episode of chest 
pain. We used a 2-channel, on-line computer-based digi- 
tal Holter system (Medicomp, Epicardia HC) with a 
frequency response of 0.05 to 100 Hz. An episode of 
ischemic ST shift from baseline was considered to be 
present if 21 mm (1 mm = 0.1 mV) ST elevation or 
horizontal or downsloping ST depression 80 ms from the 
J point was present for =1 minute and separated from 
other episodes by 210 minutes. 

Selective coronary angiography was performed 4.2 + 
2.6 days after admission. A stenosis of 250% narrowing 
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of the lumen was considered significant and was assessed 
in multiple views by 3 experienced, independent observ- 
ers who were unaware of the results of Holter monitor- 
ing. The definitions for intracoronary thrombus and 
complex morphology have been previously reported. 

Results are represented as mean values + standard 
deviations. Because the distribution of ST shift duration 
was non-Gaussian, we performed log transformation 
that resulted in normalization of the data. Continuous 
variables were compared with unpaired t test and dis- 
crete variables with chi-square analysis. 

Among the 196 patients recruited, 24 had enzymatic 
evidence of myocardial infarction and 37 did not under- 
go Holter monitoring for technical reasons and were 
excluded. The remaining 135 patients constituted the 
study group (93 men and 42 women, mean age 57 + 10 
years). 

Among the 135 patients, 49 were found to have 
thrombus, whereas 86 did not. Comparison of clinical 
characteristics between these patients is shown in Table 
I: Among those with thrombus, there were more patients 
who were male, had previous myocardial infarction, and 
were receiving b blockers. 






TABLE I Clinical Characteristics 






Thrombus 
(n = 49) 


No Thrombus 
(n = 86) 









Age (years) 57+11 
















Female / Male 38/48 4/45* 
Cigarette smoking (%) 29 (34) 18 (37) 
Systemic hypertension (%) 34 (39) 16 (33) 
Diabetes mellitus (%) 7 (8) 5 (10) 
Previous angina (%) 59 (69) 32 (65) 
Previous myocardial infarction (%) 22 (26) 31 (63)* 
Medications 
Nitrates (%) 45 (52) 34 (69) 
Calcium antagonist (%) 48 (56) 32 (65) 
Beta blockers (%) 30 (35) 26 (53)t 
Digoxin (%) 8 (9) 6 (12) 
Acetylsalicylic acid (%) 9 (10) 7 (14) 
Number of medications 1.441.1 1.9+1.0t 





* p <0.001; t p <0.005. 
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FIGURE 1. Relation of thrombus and extent of coronary ar- 
tery disease with respect to duration of ST shift. 


The incidence of ST shift on Holter monitoring was 
more frequent in patients with thrombus (80%) than in 
those without thrombus (58%, p <0.025). Patients with 
thrombus as compared to those without had a greater 
duration of ST shift (110 + 150 vs 60 + 98 minutes, p 
<0.05) and a greater number of episodes of ST shift (6.1 
+ 6.0 vs 3.5 + 4.2, p <0.01). There was no difference 
between patients with and without thrombus with respect 
to the magnitude of ST shift (1.8 + 0.8 vs 1.7 + 0.8 mm), 
the frequency of asymptomatic ST shift (93 vs 92%), or 
the relative frequency of ST elevation (14 vs 13%). 

Patients with thrombus had more frequent coronary 
artery stenoses (2.7 + 0.6 vs 1.7 + 1.2, p <0.001) and a 
greater prevalence of 3-vessel disease (69 vs 41%, p 
<0.005) than those without thrombus. 

The relation between the severity of coronary artery 
disease and intracoronary thrombus with respect to ST 
shift is shown in Figure 1. Among the 69 patients with 3- 
vessel disease, the duration of ST shift was similar in 34 
patients with and 35 patients without thrombus (114 + 
152 vs 99 + 104 minutes). However, in 66 patients with- 
out 3-vessel disease, the 15 with thrombus had a greater 
ST shift duration (101 + 152 minutes) than the 51 
patients without thrombus (33 + 85 minutes, p <0.05). 

When patients with complex morphology (n = 81) 
rather than those with thrombus alone were compared to 
those patients without complex morphology (n = 54), 
they also had more frequent ST shift (73 vs 56%, p 
<0.05), a greater number of episodes of ST shift (5.5 + 
5.7 vs 2.8 + 3.6 episodes, p <0.001), and a greater 
duration of ST shift (101 + 135 vs 44 + 88 minutes, p 
<0.005). 

Previous studies in patients with unstable angina have 
shown the prognostic significance of intracoronary 
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thrombus and silent ischemia.*+ Whereas the association 
between the extent of coronary artery disease and silent 
ischemia has been documented,’ the association between 
intracoronary thrombus and silent ischemia has never 
been explored. 

We found that ST shift, most of which was silent, was 
more frequent in patients with thrombus. Furthermore, 
among patients with ST shift, its duration was longer in 
patients with thrombus. We also found that patients with 
thrombus had a greater number of significantly diseased 
vessels, suggesting that, in patients with more severe coro- 
nary artery disease, there is a greater opportunity for 
plaque rupture and thrombus formation. 

In patients with 3-vessel disease, the presence of 
thrombus was not associated with a greater duration of 
silent ischemia, suggesting that myocardial ischemia may 
be related te both the severity of coronary artery disease 
and the presence of thrombus. In patients with 3-vessel 
disease, the pathophysiology of myocardial ischemia may 
be related to coronary vasospasm, small platelet emboli, 
or even small increases in rate pressure product.’ 

A potential limitation of our study relates to the time 
interval between ST-segment assessment and coronary 
angiography, during which intracoronary thrombus 
could have resolved. However, given the similar frequen- 
cy and duration of silent ischemia in patients with com- 
plex morphelogy, and the association between complex 
morphology and thrombus, this limitation is likely unim- 
portant. 

In conclusion, intracoronary thrombus in patients 
with unstable angina is related to both a greater extent of 
coronary artery disease and to a more frequent presence 
and duration of silent ischemia. Future studies are needed 
to explore whether antithrombotic therapy favorably 
modifies the incidence of silent ischemia and the progno- 
sis of patients with unstable angina. 
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Effects of Intracoronary Ergonovine on the Contralateral Coronary 
Artery in Patients with Atypical Chest Pain 


Charles R. Lambert, MD, PhD, Hendrik du T. Theron, BM, BCh, MMed, and Carl J. Pepine, MD 


J rgonovine has becomean accepted agent for the provo- 
cation of coronary artery spasm. Standard testing 
protocols generally use either cumulative or single intra- 
venous bolus doses of ergonovine. A disadvantage of such 
protocols is that spasm may occur in both coronary arter- 
ies simultaneously, or during catheter exchange and, if 
severe, may be difficult to document and manage in some 
patients with severe myocardial ischemia, especially if 
using the Judkins technique. Recently, some investiga- 
tors? have begun to administer intracoronary ergono- 
vine to allow selective provocation of spasm in a single 
coronary artery. It has been postulated that this method 
might offer more precise control of the vasoconstrictor 
stimulus and a wider margin of safety than is possible 
with intravenous administration of ergonovine. In addi- 
tion, this approach may avoid systemic hypertension and 
occasional systemic adverse effects that may be seen with 
intravenous ergonovine. Despite increasing use of intra- 
coronary ergonovine administration in patients, it has not 
been determined whether such administration causes a 
truly selective vasoconstrictor effect. The present study 
determines whether intracoronary ergonovine adminis- 
tration causes selective unilateral coronary artery con- 
striction or whether the contralateral coronary artery is 
affected as well. 

Ten men aged 41 to 70 years, referred for diagnostic 
cardiac catheterization to evaluate atypical chest pain, 
were Studied. Five patients received ergonovine in the left 
main artery and 5 in the right coronary artery. All pa- 
tients were withdrawn from cardiac active medication 
for =4 half-lives before the study and no premedication 
was used. Standard coronary (hand injection) and left 
ventricular angiography was performed using the Jud- 
kins technique (7Fr catheters) and low osmolar contrast 
medium (Omnipaque) with a 6-inch image intensifier. If 
all findings were normal during diagnostic left heart 
catheterization, repeat coronary angiography of either 
the left main or right coronary artery was performed and 
filming angles recorded. A catheter exchange was made, 
followed by a control angiogram of the contralateral 
coronary artery. After careful verification of catheter tip 
position, intracoronary ergonovine was administered as 
a bolus of 10 ug in normal saline given over 30 seconds. 
Care was taken to avoid spillage of the injectant into the 
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aorta. Repeat angiography of the vessel into which ergo- 
novine was being administered was performed after 2.5 
minutes. Two more doses of ergonovine were then ad- 
ministered in sequence (25 ug each) for a total cumula- 
tive dose of 60 ug. Angiography was repeated after each 
dose and then, after a catheter exchange, a second con- 
tralateral coronary angiogram was recorded. The elec- 
trocardiogram and aortic pressure were recorded before 
each angiogram. 

Quantitative coronary angiography was performed 
using a previously validated videodensitometric system 
that does not require operator edge detection.’ Cross- 
sectional area was measured for the left main as well as 
the proximal, mid-, and distal portions of the left anteri- 
or descending, circumflex and right coronary arteries. 
The left main coronary artery was measured just proxi- 
mal to its bifurcation. The left anterior descending artery 
was measured proximal to the first septal perforator 
(proximal segment), just distal to the second septal per- 

forating branch (midsegment) and at a branch point near 
the apex (distal segment). The circumflex artery was 
measured just proximal to the origin of the obtuse mar- 
ginal branch (proximal segment), distal to the obtuse 
marginal branch (midsegment) and at a distal posterior 
left ventricular branch (distal segment). The right coro- 
nary artery was measured distal to the sinus node artery 
(proximal segment), distal to the right ventricular 
branch (midsegment) and distal to the acute marginal 
branch (distal segment). 

Statistical comparisons were made with the 2-tailed t 
test for related measures and significance tested at p 
<0.05. Results are expressed as mean values + standard 
error of the mean. 

No patient in the study had ischemia manifested by 
angina and ischemic electrocardiographic changes dur- 
ing or after ergonovine administration, although 1 pa- 
tient did develop transient chest pain without electrocar- 
diographic or angiographic abnormalities. All patients 
had angiographically normal coronary arteries, left ven- 
triculography (ejection fraction = 62 + 2%), and hemo- 
dynamics. 

The effect of intracoronary ergonovine administra- 
tion into the left main coronary artery is shown in the top 
half of Figure 1. A dose-dependent vasoconstriction was 
observed in the proximal, mid-, and distal portions of the 
left anterior descending and circumflex coronary arter- 
ies. Significant constriction of the proximal right coro- 
nary artery was observed after administration of ergono- 
vine into the left coronary artery, whereas no significant 
effect was seen in more distal segment of the vessel. The 
bottom panel of Figure 1 shows changes seen with intra- 
coronary ergonovine administration into the right coro- 
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Patients 1 through 5 had ergonovine administered into the left main artery and 
patients 6 through 10 into the right coronary artery. 

DAP = diastolic aortic pressure; HR = heart rate; MAP = mean aortic pressure; 
SAP = systolic aortic pressure; SE =standard error of the mean. 
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nary artery. A similar dose-dependent vasoconstriction 
was observed in the proximal and midsegments of the 
right coronary artery, although in I patient a distinct 
increase in the cross-sectional area of the mid- and distal 
vessel was observed with the initial 10 vg dose (Figure 
2). The left main coronary artery also showed a signifi- 
cant vasoconstrictor response after right coronary artery 
ergonovine administration, although the left anterior de- 
scending and circumflex arteries showed no change in 
either the proximal, mid- or distal segments. Heart rate 
as well as systolic, diastolic and mean aortic pressures 
did not change (p >0.05 for all control versus ergonovine 
comparisons) with ergonovine administration into either 
the right or left coronary arteries (Table I). 

The principle findings of this study are that (1) intra 
coronary ergonovine causes a dose-dependent vasocon- 
striction in vivo, which may be preceded by vasodilation 
at lower doses; (2) intracoronary ergonovine does not 
affect systemic hemodynamics; and (3) vasoconstrictor 


OOOO 


FIGURE 1. Effects of selective admin- 
istration of ergonovine into the left or 
right coronary artery (see text). * = p 
<0.05 for control compared with 60 vg 
dose; Cx = left circumflex coronary ar- 
tery; Dist = distal; LAD = left anterior 
descending coronary artery; Mid = 
middle; NS = difference not significant; 
Prox = proximal; RCA = right coro- 
nary artery. 


MOOS SS 


Dist RCA we 


FIGURE 2. Individual patient data for 
administration of ergonovine into the 
right coronary artery (see text). Patient 
4 showed a distinct vasodilator re- 
sponse with low-dose ergonovine, 
which was followed by vasoconstriction 
at higher doses. Abbreviations as in 
Figure 1. 
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effects are observed in the proximal portion of the contra- 
lateral coronary artery and thus are not selective when 
administered as in our protocol. 

Hackett et al! administered intracoronary ergonovine 
toa maximum cumulative dose of 50 wg in 6 patients with 
variant angina and in 9 patients similar to the group 
included in the current study. In the latter group, intra- 
coronary ergonovine produced vasoconstriction of a simi- 
lar magnitude as seen in our study; however, proximal, 
mid- and distal segment responses were not compared 
and the contralateral coronary artery was not measured. 
Fournier et al? administered single or repeated intracoro- 
nary bolus doses (25 ug) of ergonovine to 108 patients 
with normal coronary angiography. Again, ergonovine 
caused vasoconstriction but no contralateral coronary ar- 
tery effects were measured. 

In general, our data show a dose-dependent ergono- 
vine-mediated vasoconstriction, although in 1 patient all 
right coronary artery segments revealed vasodilation af- 
ter 10 wg (Figure 2), which was overcome with higher 
doses of ergonovine. Mohri et al* described a similar case, 
in which a dilator response of both the left and right 
coronary arteries was observed with 20 ug intracoronary 
ergonovine followed by a constrictor response when an 
additional 35 ug intracoronary ergonovine was adminis- 
tered. These results are similar to observations of the 
effect of intravenously administered ergonovine on coro- 
nary arterial diameter in dogs. This response has been 
shown to be biphasic, in the form of an initial dilating 
action followed by a constricting action.° 

The magnitude of mean proximal right coronary ar- 
tery constriction (69%) after administration of 60 ug 
ergonovine into the left main coronary artery was greater 
than the effect seen when ergonovine was administered 
directly into the right coronary artery (44%). When ergo- 
novine was administered into the right coronary artery, a 
19% mean decrease in left main coronary artery area was 


observed, whereas a 33% decrease was seen when ergono- 
vine was given directly into the left main. Although these 
measurements cannot be directly compared because they 
were obtained from different patients, the magnitude of 
the responses observed in the proximal contralateral ar- 
tery is impressive. The mechanism by which intracoro- 
nary ergonovine affects the contralateral coronary artery 
in its most proximal segment cannot be deduced from this 
observational study. One obvious possibility includes 
spilling of ergonovine during systole into the contralateral 
sinus despite precautions taken to prevent this by careful 
catheter placement and slow injection. Other potential 
mechanisms include recirculation of ergonovine, preresis- 
tance vessel or collateral shunting of blood or local reflex- 
es. In any event, the assumption that one is safely getting 
a selective unilateral coronary vasoconstrictor effect dur- 
ing intracoronary ergonovine administration is not sup- 
ported by the data presented herein. Whether this repre- 
sents a cause for concern clinically must await further 
studies. Contralateral coronary angiograms should prob- 
ably always be recorded after intracoronary administra- 
tion of ergonovine so as not to miss important coronary 
vasoconstriction that may occur. 
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Hypercholesterolemia After Cardiac Transplantation in Children 
Karen Uzark, RN, PhD, Dennis Crowley, MD, Louise Callow, MSN, and Edward Bove, MD 


ince the 1980s a steadily increasing number of chil- 

dren have undergone cardiac transplantation. Al- 
though graft rejection and complications of immunosup- 
pressive therapy are the leading causes of death in chil- 
dren and adults after cardiac transplantation, coronary 
atherosclerosis is a significant cause of late mortality.'? 
Our first pediatric heart transplant patient died suddenly 
17 months after transplantation at 3 years of age with 
severe coronary atherosclerosis. Transplant coronary ath- 
erosclerosis may be the result of immune endothelial inju- 
ry, with a response characterized by proliferation of 
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myointimal cells, thrombus formation, and ultimate in- 
traarterial deposition of lipid materal 7 "7 The develop- 
ment of atherosclerosis in transplanted hearts may be 
enhanced by the presence of hyperlipidemia, both hyper- 
triglyceridemia and hypercholesterolemia. We measured 
serial lipid levels in 14 children after heart transplanta- 
tion to assess the prevalence of lipid abnormalities and the 
usefulness of niacin therapy in children with significant 
hypercholesterolemia after transplantation. 

The study sample comprised 14 children (aged 6 
months to 16 years [mean 8]) who underwent cardiac 
transplantation. There were 5 girls and 9 boys. Eight of 
14 children (57%) received transplants for cardiomyop- 
athy, 1 restrictive, 7 of the dilated type, and 1 caused by 
anthracyclines. The remaining 6 children had severe ven- 
tricular dysfunction with congenital heart disease—4 
with complex cyanotic heart disease, 1 with severe aortic 
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FIGURE 1. Serum total cholesterol in pa- 
tients (closed bullets) after cardiac trans- 
plantation by age as compared to Bogalu- 
sa Heart Study® data. Note 3 patients who 
also have hypertriglyceridemia. 
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stenosis, and 1 with hypoplastic left heart syndrome. 
Five patients had undergone previous palliative surgical 
procedures. The weight for height at the time of assess- 
ment after transplantation was greater than the 75th 
percentile in 6 of 14 patients. All children were main- 
tained on daily prednisone, 0.2 to 0.7 (mean 0.4) mg/kg 
and on cyclosporine, 5 to 163 (mean 39) mg/kg/day. In 
addition, azathioprine, 0.5 to 2.4 mg/kg/day (mean 1.4), 
was used in 10 of 14 patients. All patients had been 
discharged after transplantation on a low cholesterol 
diet. Lipid profiles were obtained at 2- to 6-month inter- 
vals in association with endomyocardial biopsies. Serum 
cholesterol and triglyceride concentrations were mea- 
sured by enzymatic oxidase methods. 

Within 2 to 12 months after cardiac transplantation 
(mean 8.5), 12 of 14 children (86%) had a total serum 
cholesterol >90th percentile for age by Bogalusa criteria 
(Figure 1) and >190 mg/dl. Only one child, our youngest 
at transplantation, had a total cholesterol below the 75th 
percentile for age. Three of 10 patients also had hyper- 
triglyceridemia. High-density lipoprotein cholesterol 
ranged from 23 to 65 mg/dl (mean 48). 
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Whereas previous studies by others have suggested 
that hyperlipidemia in patients after heart and kidney 
transplantation is related in some way to the effects of 
therapy with corticosteroids® and cyclosporine, no sig- 
nificant correlations were found between serum choles- 
terol and the daily prednisone dose (r = —0.16), daily 
cyclosporine dose (r = —0.04), or the relative body 
weights of our pediatric patients. The lack of correlation 
between prednisone dose or cyclosporine dose and serum 
cholesterol levels in the present study may be due to the 
small sample size or to insufficient sample variation. 
While 6 of 14 children in our study had excess weight 
gain after transplantation, significant hypercholesterol- 
emia was also noted in children who did not gain weight. 

Niacin therapy was instituted in 5 patients with cho- 
lesterol levels persistently >210 mg/dl, with a mean cho- 
lesterol level in these children of 265 mg/dl. Niacin dos- 
age ranged from 50 mg twice a day in the youngest 
patient (3 years old) to 500 mg twice a day in 2 patients 
(>9 years). In all 5 children receiving niacin, there was a 
significant decrease in serum cholesterol (t = 6.55; p 
<0.01), with a mean reduction in serum cholesterol of 73 
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FIGURE 2. Serum cholesterol change with 
time after initiation of niacin therapy (RX). 


S 
oD 
E 
ei 
O 
Œ 
uJ 
E 
u) 
Ww 
— 
Q 
= 
O 
esch 
< 
Se 
O 
— 





SERUM CHOLESTEROL ON NIACIN RX 


nset of Rx 


mg/dl (Figure 2). Only 1 child had side effects, mainly 
flushing, which resolved with the addition of an aspirin 
with his evening niacin dose. There were no significant 
changes in cyclosporine levels with niacin therapy. 

We conclude that hyperlipidemia, specifically hyper- 
cholesterolemia, is a common problem in children >2 
years of age after cardiac transplantation. Our results are 
consistent with previous studies that have shown an in- 
creased prevalence of hyperlipidemia in adult transplant 
recipients. Atherosclerosis begins early in life, and the 
results of the Bogalusa Heart Study demonstrate that the 
extent of aortic fatty streaks is very strongly related to 
serum cholesterol levels.’ In transplanted hearts, acceler- 
ated coronary atherosclerosis has been a documented 
problem. 17 Most pediatric heart transplant recipients 
may be at increased risk for development of coronary 
artery disease, not only because of elevated serum choles- 
terol levels, but also because of hypertension associated 
with cyclosporine therapy and with weight gain or obesity 
after transplantation, which may further increase their 
cardiovascular risk. Unfortunately, treatment of hyper- 
lipidemia is limited by the availability of effective, well- 
tolerated drugs that do not adversely affect immunosup- 
pressive therapy, as well as by the limited efficacy of 
dietary therapy. Niacin therapy seems to be a safe and 
effective way of treating posttransplant hyperlipidemia in 
these children. 

We recommend periodic monitoring of lipids in chil- 
dren within 2 months of transplantation. Furthermore, in 





TIME (months) 


children over 2 years of age with significant hyperlipide- 
mia (elevated cholesterol, triglycerides, or both), we rec- 
ommend niacin therapy, beginning with small doses (50 
mg) and slowly increasing the dose until the desired effect 
is achieved, while monitoring for potential side effects. 
Further research is needed to establish the association of 
hyperlipidemia after heart transplantation with graft ath- 
erosclerosis, and to assess the relation between lipid-low- 
ering therapy and the development of coronary athero- 
sclerosis in patients of all ages after heart transplantation. 
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Atrioventricular Nodal Reentry and Dual Atrioventricular Node 
Physiology in Patients Undergoing Accessory Pathway Ablation 


Marco Zardini, MD, James W. Leitch, MB, BS, Gerard M. Guiraudon, MD, George J. Klein, MD, 


and Raymond Yee, MD 


T he finding of dual atrioventricular (AV) nodal path- 
way physiology, with or without AV nodal reentrant 
tachycardia, poses a therapeutic dilemma in patients with 
the Wolff-Parkinson- White syndrome undergoing opera- 
tive treatment. These findings may be incidental and of 
no clinical significance or, alternatively, they may indi- 
cate the potential for clinical AV nodal reentrant tachy- 
cardia. We reviewed the records of 402 patients who had 
operative therapy for accessory pathways to determine 
the incidence of dual AV nodal pathway physiology or 
AN nodal reentry and the clinical significance of these 
findings. 

The records of 402 patients who underwent accessory 
pathway ablation between May 1981 and October 1989 
were reviewed. All patients had preoperative electro- 
physiologic evaluation, intraoperative mapping and 
postoperative electrophysiologic testing. Among them, 
32 patients (8%) were found to have AV nodal reentrant 
tachycardia or dual AV nodal pathway physiology; they 
form the subject of this report. Details of the electro- 
physiologic study have been described elsewhere.! Gen- 
erally, 3 quadripolar electrode catheters were positioned 
in the high right atrium, coronary sinus and right ven- 
tricular apex, and a tripolar catheter was placed across 
the tricuspid valve to record the His bundle electrogram. 
The study included incremental atrial and ventricular 
pacing and right atrial and ventricular extrastimulus 
testing at multiple cycle lengths. If tachycardia was not 
induced or was nonsustained in the baseline state, atro- 
pine or isoproterenol, or both, were used. 

Intraoperative localization of accessory pathways 
was obtained by manual sequential mapping of the AV 
groove during right atrial and ventricular pacing and 
after induction of reciprocating tachycardia. The post- 
operative electrophysiologic study was performed at a 
mean of 6 + 2 days after the operation using epicardial 
wires left in situ during the operation. Atrial and ventric- 
ular incremental pacing and extrastimulus testing were 
performed at multiple cycle lengths. Atropine and iso- 
proterenol were generally not used in the postoperative 
study. 

Standard criteria were used to define the locations of 
the accessory pathways and their participation in reen- 
trant arrhythmias.’ “Dual AV nodal pathways” refers to 
an increase of 250 ms in AV nodal conduction time after 
a decrease in atrial coupling intervals of 10 ms, or, in the 
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retrograde direction, to an increase in ventriculoatrial 
conduction of =50 ms after a decrease in ventricular 
coupling interval of 10 ms, in the absence of accessory 
pathway conduction. Sustained AV nodal reentrant 
tachycardia and AV node echoes were diagnosed by 
standard criteria: concentric sequence of retrograde atri- 
al activation, ventriculoatrial interval of <60 ms at the 
His bundle recording position, initiation after a critical 
AH delay and failure to preexcite the atrium by ventric- 
ular extrastimulus delivered during tachycardia at a 
time when the His bundle was refractory.45 AV nodal 
reentrant tachycardia was defined as sustained when it 
persisted for >30 cycles. 

Described surgical techniques were used for interrup- 
tion of the AV accessory pathway.® After 1985, AV node 
dissection (skeletonization)’ was performed in 6 patients 
who had pre- or intraoperative inducible sustained AV 
nodal reentrant tachycardia. 

Follow-up was conducted by telephone interviews in 
December 1989. Follow-up was available in all patients. 

Of the 402 patients who underwent surgery for acces- 
sory pathway ablation, there were 32 patients with either 
AV nodal reentrant tachycardia, AV nodal reentry echo 
beats, or dual AV nodal pathways. There were 21 men 
and 11 women aged 9 to 67 years (mean + standard 
deviation 28 + 12). The locations of the accessory path- 
ways were left free wall (24 patients), posteroseptal (5 
patients), right free wall (6 patients) and anteroseptal (1 
patient). Four patients had 2 accessory pathways. Anter- 
ograde preexcitation was present in 20 patients and the 
remaining 12 patients had a concealed accessory path- 
way. At a drive pacing cycle length of 600 ms, the mean 
anterograde effective refractory period of the accessory 
pathway was 293 + 57 ms and the mean retrograde 
effective refractory period was 272 + 32 ms. Orthodro- 
mic AV reciprocating tachycardia was induced in 27 
patients, atrial fibrillation in 16 patients and preexcited 
reciprocating tachycardia in 7 patients. The mechanism 
of preexcited tachycardia was antidromic tachycardia in 
4 patients (using the normal ventriculoatrial conduction 
system as the retrograde limb); preexcited tachycardia 
using the first accessory pathway as an anterograde limb 
and the second accessory pathway as the retrograde limb 
in I patient; AV nodal reentry with bystander accessory 
pathway conduction in 1 patient; and intraatrial reen- 
try with bystander accessory pathway conduction in | 
patient. 

The patients were divided into those with sustained 
AV nodal reentrant tachycardia (group 1) and those 
with either nonsustained AV nodal reentrant tachycar- 
dia, AV node echo beats or dual AV nodal pathways 
(group 2). There were a total of 8 patients in group 1. All 


age 


By Tt nem ee Ke 


Al Ei A E Ch Cu E EAR Site ee eee 5 ` SS aes E ENEE 
€" 1 l eS r, Ka Ge De ie mS a "P EN F> ` PRERA : Last Ve: 


but 1 had the typical form of AV nodal reentry, with a 
mean tachycardia cycle length of 351 + 66 ms. One 
patient had the atypical form of AV nodal reentry (long 
RP interval). In this patient, conduction over a decre- 
mental retrograde accessory pathway was excluded both 
at surgery and at electrophysiologic study. The diagno- 
sis of AV nodal reentry was made preoperatively in 7 
patients and intraoperatively in 1 patient. In 4 patients, 
the accessory pathway was right-sided, had decremental 
properties, and did not conduct retrogradely (“pseudo 
nodoventricular accessory pathway”). Five of the 8 pa- 
tients in this group had preexcited tachycardia at elec- 
trophysiologic study. Operative ablation of AV nodal 
reentry was performed in 6 patients and was not attempt- 
ed in the remaining 2 patients, who underwent surgery 
before 1985. 

A total of 24 patients were in group 2. The diagnosis 
of dual AV node physiology, AV node echo beats or 
nonsustained AV nodal reentry was made preoperatively 
in 16 patients, intraoperatively in 2 patients and postop- 
eratively in the remaining 6 patients. Ten patients had 
dual AV nodal pathways in the anterograde direction, 4 
patients had dual AV nodal pathways in the retrograde 
direction, 6 patients had both dual AV nodal pathways 
and nonsustained AV nodal reentrant tachycardia, and 
the remaining 4 patients had nonsustained AV nodal 
reentrant tachycardia without evidence of dual AV nodal 
pathways. No patient in this group underwent AV node 
Surgery. 

Follow-up ranged from 1 to 101 months (mean of 41 
+ 27). In group 1 (those patients with sustained AV 
nodal reentry) all patients have remained asymptomatic 
and arrhythmia-free in the absence of any antiarrhyth- 
mic drugs. In group 2, a 37-year-old patient died sud- 
denly 4 years after surgery. No symptoms or arrhythmic 
events were reported during the period between surgery 
and death. Postmortem examination showed significant 
coronary artery disease with a previous myocardial in- 
farction. In 1 patient, recurrent sustained paroxysmal 
supraventricular tachycardia with a short RP interval 
occurred 5 months after surgery. This patient was subse- 
quently shown to have both atypical and typical forms of 
AV nodal reentrant tachycardia at electrophysiologic 
study. Only single atypical AV node echo beats had been 
demonstrated at the preoperative and postoperative elec- 
trophysiologic studies performed at the time of accesso- 
ry pathway ablation. This patient subsequently under- 
went AV node skeletonization. The remaining patients 
have been asymptomatic and arrhythmia-free. 

Dual AV nodal pathways with or without AV nodal 
reentrant echo beats are relatively common electrophysi- 
ologic findings, occurring in approximately 10 to 20% 
of adult patients undergoing electrophysiologic assess- 
ment.*? The frequency of dual AV nodal pathways in 
patients with accessory pathways is uncertain, because 
the pattern of AV nodal conduction is frequently ob- 
scured by accessory pathway conduction. The frequency 
of dual AV nodal pathways may have been underestimat- 


ed in this study as a result of its retrospective nature and 
because the postoperative electrophysiologic studies were 
less extensive than the preoperative evaluation. Nonethe- 
less, the data suggest that concealed dual AV nodal path- 
way physiology is a relatively common occurrence in pa- 
tients undergoing surgical ablation of accessory path- 
ways. 

The clinical significance of dual AV nodal pathways 
or AV nodal reentry echo beats in patients with tachycar- 
dia due to mechanisms other than AV nodal reentry is 
uncertain.!° In this series, 24 patients had either dual AV 
nodal physiology or nonsustained AV nodal reentry. 
Twenty-three (96%) have remained free of supraventric- 
ular tachycardia after accessory pathway ablation despite 
these abnormalities. This would suggest that these find- 
ings are of minimal clinical significance. One patient with 
single AV nodal reentry echo beats did develop clinical 
AV nodal reentrant tachycardia at a later date. Our data 
would suggest that this is likely to be a rare event. Even 
the 2 patients who had inducible sustained AV nodal 
reentry and who did not undergo surgery directed at the 
AV node have remained asymptomatic. This suggests 
that this inducible sustained arrhythmia was of minimal 
clinical significance in these patients. 

These results suggest that it should not be necessary to 
perform concurrent AV nodal reentrant surgery in pa- 
tients with AV node echo beats or dual AV nodal path- 
ways who are undergoing ablation of an accessory path- 
way. Subsequent clinical AV nodal reentrant tachycardia 
was a rare phenomenon in our patients (1 out of 24) and 
the additional surgical procedure is not without risk. In 
patients with both sustained AV nodal reentrant tachy- 
cardia and accessory pathways, surgical therapy directed 
at both tachycardia mechanisms can represent a feasible 
approach with a reasonable success rate. 
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Significance of Exercise-Induced Left Hemiblock 
Dany M. Marcadet, MD, Philippe Genet, MD, Patrick Assayag, MD, and Paul E Valère, MD 


Er published reports!:?-+°.” have described exercise- 
induced left hemiblock. It is suggested that this con- 
duction disturbance during exercise is a consequence of 
decreased blood supply to the conduction bundles and is 
closely linked to the presence of coronary artery disease. 
The aim of this retrospective study was to assess the 
significance of exercise-induced left hemiblock and its 
relation to a transient myocardial ischemia. 

We reviewed the data of 8,684 consecutive patients 
who underwent exercise stress testing between 1985 and 
1989. Twenty-four patients (0.28%) had exercise-in- 
duced left hemiblock. Of these, 19 (79%) had been re- 
ferred for evaluation of typical angina (including 3 after 
myocardial infarction and 3 after coronary artery bypass 
surgery), 2 (8%) for atypical chest pain, 3 (12%) for 
evaluation of arrhythmia and 1 (4%) for evaluation of 
functional capacity. There were 23 men and 1 woman 


From the Department of Cardiology, University Hospital of Beaujon, 
Clichy, and the Cardiology Unit of Georges Bizet Clinic, Paris; and 23 
rue Georges Bizet, 75116, Paris, France. Manuscript received February 
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FIGURE 1. Left posterior hemiblock. 
ing without treatment. Resting electrocardiogram: 
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16 is a 61-year-old man with recent angina pectoris who underwent exercise test- 
right bundle branch block, QRS axis + 30°, QRS duration 0.1 sec- 


aged 34 to 70 years (mean + standard deviation 55 + 
10). Three patients (12%) had electrocardiographic evi- 
dence of previous myocardial infarction, 2 (8%) had a 
complete right bundle branch block, 5 (21%) had an 
incomplete right bundle branch block, 1 (4%) had nega- 
tive T waves in precordial leads H, to V; and 14 (58%) 
had normal electrocardiograms (ECG). In all patients, 
standing QRS axis at rest was between —30° and 90°. 

All patients underwent symptom-limited maximal 
exercise testing on a treadmill using a standard Bruce 
protocol. The electrodes were placed below each clavicle 
and on each iliac crest. Standard 12-lead ECGs were 
recorded in standing position at rest, during exercise and 
recovery (on Marquette CASE II’ from 1985 to 1987, 
and Case 12° from 1987 to 1989). Left hemiblock was 
defined according to Rosenbaum’s? description. Positive 
criteria for ischemia were a horizontal or downsloping 
ST-segment depression =1 mm, measured 0.06 second 
after the J point, or an ST-segment elevation =>1 mm and 
>25% of T-wave amplitude. Thallium-20] stress scin- 
tigraphy was performed in 1 patient. Left ventriculog- 
raphy and selective coronary angiography were per- 
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ond, no ST-T disturbances. At peak exercise: QRS axis + 120°, QRS duration 0.1 second, ST-segment elevation in leads Hl, Ill 
and aVF. After surgery, incomplete right bundle branch block: QRS axis + 70°, QRS duration 0.1 second, nonspecific ST-T seg- 


ment changes at rest and at peak exercise with no QRS axis shift. 
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Without treatment 


formed in 20 patients (83%) using the Judkins tech- 
nique. 

The frequency of exercise-induced left hemiblock 
was low (0.28%). Of the 24 patients with exercise-in- 
duced left hemiblock, 11 (46%) had left anterior and 13 
(54%) had left posterior hemiblock (Figure 1). Four 
patients were receiving class IC antiarrhythmic therapy 


Class IC Antiarrhythmic Therapy 





Pt. Age (yr) QRS 
& Sex Clinical Data Resting ECG Axis 











1 T <OV1V4 60° 
2 49M MI-AP RBBB + MI 20° 
3 36M AP N 90° 
= 70M AP N 20° 
5 56M AP N we AR 
6 64M CABG-AP N 0° 
d 57M AP IRBBB 20° 
CN 47M AP IRBBB 50° 
9 66M AP RBBB 10° 


12 68M CABG-AP N 90° 
13 47M AP N 90° 
14 46M A N 80° 
15 50M AP IRBBB 30° 
16 61M AP N 30° 
17 50M AP N 30° 







* Previous publication.® 


descending; LC = left circumflex; LM = left main; MI 
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TABLE | Exercise-induced Left Hemiblock—Clinical Data, ECG, Treadmill Test and Angiographic Findings of 18 Patients Free of 





Left Anterior Hemiblock 

















A = asymptomatic; AP = angina pectoris; CABG = coronary artery bypass grafting; ECG = electrocardiogram; IRBBB = incomplete right bundle branch block; LAD = left anterior 
= myocardial infarction; N = normal; RBBB = right bundle branch block; Right = right coronary artery. 
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On Flecainide 


(3 taking flecainide, 1 propafenon). After withdrawal of 
the drug, the conduction disturbance disappeared in 2 
patients (1 had a normal coronary arteriogram (Figure 
2), the other had permeable coronary grafts) and persist- 
ed in 1 patient who had coronary graft stenosis (Table I, 
no. 6). The fourth patient was lost to follow-up. Three 
patients refused catheterization; nevertheless, all 3 had 









Percent Diameter Narrowing of 
Coronary Artery 





Exercise ST-T LM LAD LC Right 






ST fV1V2 80 

ST | V5V6 85 100 
ST tf V1V2V3 90 

ST tV1V2 70 80 

ST | V5V6 50 90 

ST t V2V3 Graft stenosis 

no change 85 

ST 7 Q wave V1V4 100 

ST | V5V6 90 90 90 


ST f Ill aVF 
ST | V5V6 70 
ST | V5V6 

ST | V5V6 ST f V1V2 90 
ST | V5V6 90 
ST f Ill aVF 95 
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typical angina pectoris and a positive result on exercise 
testing. In 1 of these, a thallium-201 stress test showed a 
lack of uptake in the inferior area, disappearing during 
redistribution and reflecting a transient myocardial isch- 
emia. This patient was lost to follow-up after the scintig- 
raphy. Eighteen patients underwent coronary angiogra- 
phy: clinical data, exercise testing and angiographic re- 
sults of these patients are summarized in Table I. Seven 
patients were receiving treatment at the time of exercise 
testing but no patient was receiving any drug known to 
increase QRS duration. Nine patients underwent coro- 
nary artery bypass surgery: 1 underwent percutaneous 
transluminal coronary angioplasty and 8 received medi- 
cal treatment after the exercise test. Fifteen patients 
underwent a second exercise test after treatment that 
showed disappearance of the exercise-induced intraven- 
tricular conduction disturbance and ST-T changes in 7 
patients (6 coronary artery bypass surgery, 1 percutane- 
ous transluminal coronary angioplasty). In 1 patient, the 
hemiblock became permanent after coronary bypass sur- 
gery with no change in QRS axis during the control test. 
In the 8 medically treated patients, the exercise-induced 
left hemiblock was still present in the control test. 

Few cases of exercise-induced left hemiblock have 
been reported. In 1972, Kulbertus and Humblet’ report- 
ed 4 such cases. In all cases, there was clinical evidence of 
angina pectoris but coronary artery disease was not docu- 
mented. The same year, Bobba et al! reported 4 cases of 
exercise-induced left posterior hemiblock. Three patients 
underwent coronary angiography. In all cases, there was 
a significant lesion of the right coronary artery, associ- 
ated in 2 with a left anterior descending stenosis. In 1977, 
Oliveiros et al’ reported 2 cases of exercise-induced left 
anterior hemiblock with proximal stenosis of the left ante- 
rior descending artery. In 1982, Huang and Mathew? 
described 1 case of exercise-induced left anterior hemi- 
block associated with proximal left anterior descending 
artery stenosis. In 1983, Boran et al? reported 4 cases of 
exercise-induced left anterior hemiblock and 2 cases of 
exercise-induced left posterior hemiblock with exercise 
chest pain and ST-segment depression. In all cases, coro- 
nary angiography showed a proximal left anterior de- 
scending stenosis, associated in 2 cases with right coro- 
nary artery stenosis. These conduction disturbances dis- 
appeared after medical or surgical treatment. 

The development of conduction defects in patients 
receiving class IC antiarrhythmic drugs has previously 
been well-described® and relates to mechanisms such as 
frequency dependence. Thus, in this study, in patients not 
treated with class IC antiarrhythmic drugs, exercise-in- 
duced left hemiblock was associated with coronary artery 
disease. Clinical results are consistent with this observa- 
tion: a typical chest pain occurred during exercise testing 
in 19 of 24 patients. Significant ST changes also appeared 
in 20 of 24 patients. The unusual frequency of ST eleva- 
tion in this study (9 of 18) suggests a severe ischemia of 
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the concerned area (coronary artery narrowings always 
=80%), confirmed by angiographic findings. The con- 
duction disturbance and the ST-T ischemic changes dis- 
appeared after surgical treatment or percutaneous angio- 
plasty in all the documented patients. 

Exercise-induced left anterior hemiblock was always 
associated with significant stenosis of the left coronary 
artery: the left anterior descending artery at or before the 
origin of the first septal branch in 7 cases, left main 
stenosis in 3 cases, and left anterior descending graft 
stenosis in 1 case. Exercise-induced left posterior hemi- 
block was associated with severe disease of the right coro- 
nary artery in 6 cases, of the left circumflex in 5 cases and 
of the left anterior descending artery alone in 2 cases. 
This can be explained by anatomic variations of blood 
supply to the His bundle.* In 90% of the cases, blood 
supply to the anterior hemibranch is dependent on the 
first septal branch of the left anterior descending artery 
and blood supply to the posterior hemibranch on the right 
coronary artery through the atrioventricular nodal ar- 
tery. In 10% of cases, blood supply to the anterior hemi- 
branch is dependent on the right coronary artery through 
the atrioventricular nodal artery and blood supply to the 
posterior hemibranch is dependent on the first septal 
branch of the left anterior descending. 

Exercise-induced left hemiblock is associated with se- 
vere coronary artery disease. Left anterior hemiblock 
suggests, with high probability, a lesion of the left anteri- 
or descending (at or before the origin of the first septal 
branch) er left main artery. Left posterior hemiblock is 
less discriminatory because the critical stenosis is found 
mostly on the right coronary or on the left circumflex 
artery. However, antiarrhythmic treatment with class IC 
drugs should be considered and a control exercise test 
after withdrawal of the drug should assess the persistence 
or disappearance of the conduction disturbance. 
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Effects of Encainide and Metabolizer Phenotype on Ventricular 
Conduction During Exercise 


Dean G. Karalis, MD, Charles Nydegger, MD, R. Stephen Porter, PharmD, Joseph Carver, MD, 
leana L. Pina, MD, Steven P. Kutalek, MD, and Eric L. Michelson, MD 


Goa: factors influence the extent of encainide me- 
tabolism. Approximately 93% of the Caucasian pop- 
ulation extensively metabolize encainide to O-desmethyl 
encainide (ODE) and 3-methoxy-O-desmethyl encainide 
(MODE).! In extensive metabolizers, the steady-state 
plasma concentrations of ODE and MODE are higher 
than that of encainide during long-term therapy. In poor 
metabolizers, the metabolic profile is characterized by 
high concentrations of encainide, low concentrations of 
ODE, and absent MODE.’ 

Encainide can produce marked prolongation of intra- 


dé ventricular conduction and this effect is rate-dependent.° 


Previous data indicate that ODE and MODE are more 
potent than encainide in this regard.* Consequently, the 
electropharmacologic effects of encainide would be ex- 
pected to differ with respect to the genetically determined 
capacity to metabolize this drug. Thus, we postulated 
that extensive metabolizers of encainide would show 
more marked rate-dependent slowing of intraventricular 
conduction than would poor metabolizers. The present 
study determines if rate-dependent intraventricular con- 
duction slowing could be demonstrated in patients receiv- 
ing encainide during exercise-induced sinus tachycardia, 
and relates this effect to the genetic phenotype of encai- 
nide metabolism. 

Nine patients with cardiac arrhythmias who were 
receiving stable doses of encainide (mean dose 90 mg/ 
day; range 75 to 150) formed the study group. Coronary 
artery disease with chronic angina was present in 7 pa- 
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TABLE I Patient Characteristics and Serum Drug Concentrations 


Type of 
Age (yr) Metabolizer Heart 
& Sex Phenotype Disease 


1 
2 
3 
4 
5 
6 
7 
8 
9 


* Arrhythmia suppression. 


tients, 4 of whom had a history of remote myocardial 
infarction; 2 patients had no detectable structural cardi- 
ac disease; 1 of these 2 had a history of hypertension. 
Four patients had documented nonsustained ventricular 
tachycardia, 1 had sustained ventricular tachycardia, 
and 4 had paroxysmal atrial fibrillation. No patient was 
receiving concomitant antiarrhythmic therapy. Four 
age- and disease-matched subjects not receiving encai- 
nide served as the control group. Three of these subjects 
were subsequently placed on encainide therapy, at which 
time they were included in the study group. All data were 
collected in the context of routine clinical care. Venous 
blood samples were collected 5 minutes before exercise 
testing for analysis of serum concentrations of encainide, 
ODE and MODE, using a high-performance liquid 
chromatographic method. Patients were exercised in 
the fasting state, 2 hours after the most recent dose of 
encainide, to fatigue or limiting symptoms on a tread- 
mill, using a Bruce protocol. 

Electrocardiographic data were collected digitally 
using a Marquette CASE-12 Exercise System, with ana- 
log outputs of leads I, II, X, Y and Z, connected to a 
Kiethly-DAS series 500 data-acquisition system. The 
data acquisition system has a 12-bit resolution for ana- 
log-to-digital conversion and was used in conjunction 
with a Compaq 386 microcomputer. Data were acquired 
at 1,000 Hz per channel in 9-second collections. Collec- 
tions were performed twice at rest, once at every 10 beats/ 
min increment in heart rate during exercise and at peak 
exercise, and once at every 10 beats/min decrement in 
heart rate during recovery. Data were stored on comput- 
er disk for off-line analysis after the exercise test was 
completed. Acquired data were analyzed by averaging 
the ORS complexes within each 9-second collection. Af- 


Chronic 
Encainide 
Dosage (mg/ 
8 hours) 


Serum Concentration (ng/ ml) 


Arrhythmia Encainide ODE 


CAD = coronary artery disease; EM = extensive metabolizer; LVEF = left ventricular ejection fraction; MODE = 3-methoxy-O-desmethyl encainide; NSD = no structural disease; 
NSVT = nonsustained ventricular tachycardia; ODE = O-desmethyl encainide; PAF = paroxysmal atrial fibrillation; PM = poor metabolizer; SH = systemic hypertension; SUVT = 


sustained monomorphic ventricular tachycardia. 
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ter averaging, the 3 leads that best defined the ORS 
complex from each of the data collections were dis- 
played and the onset and the offset of the ORS complex 
was determined, providing the QRS duration. The 
averging process reduced root mean square noise by a 
factor of 3 to 4, depending on heart rate. The resolution 
of this technique was <2 ms. QRS duation was deter- 
mined by the consensus of 2 independent observers who 
were blinded to the genetic phenotype of the patients. 
Data are reported as mean values + standard devi- 
ation. Comparisons between groups were made using 
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FIGURE 1. The QRS duration at rest and peak exercise in ex- 
tensive metabolizers of encainide (top), poor metabolizers 
(middle) and in the control group (bottom). In all extensive 
metabolizers (n = 7), the QRS duration increased progressive- 
ly during exercise (p = 0.002). In the poor metabolizers (n = 
2), and in the control group (n = 4), no changes in the QRS 
duration occurred from rest to peak exercise. 
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Student's 2 tailed t test. Multilinear regression analysis 
was used to relate rate-dependent QRS prolongation to 
serum concentrations of encainide, ODE, MODE and 
their ratios, and to the percent change in heart rate with 
exercise. Regression coefficients were determined by 
analysis of variance. A p value <0.05 was considered 
Statistically significant. 

Patient demographics are listed in Table I. All 7 
extensive metabolizers demonstrated arrhythmia sup- 
pression while receiving encainide as determined by clin- 
ical history and electrocardiographic monitoring. One of 
2 poor metabolizers, who was treated for nonsustained 
ventricular tachycardia, failed to demonstrate arrhyth- 
mia suppression by serial Holter monitoring. The other 
poor metabolizer, who was treated with encainide for 
symptomatic ventricular tachycardia, demonstrated an 
initial reduction in arrhythmic events on telemetric mon- 
itoring; however, subsequent to hospital discharge, the 
patient again became symptomatic at the end of each 
encainide dosing interval, and the drug was discontinued 
because of lack of efficacy. 

Extensive metabolizers had mean serum concentra- 
tions of ODE plus MODE that were higher in all cases 
than encainide concentrations during chronic dosing 
(Table I). The mean daily dose of encainide in the 7 
extensive metabolizers was 90 + 29 mg/day. Similarly, 
the daily doses of encainide in the 2 poor metabolizers 
were 75 and 105 mg/day, respectively. Poor metabolizers 
had high concentrations of encainide and no detectable 
MODE. One poor metabolizer had no detectable ODE, 
whereas the other poor metabolizer had a low concentra- 
tion of ODE relative to encainide. 

In all extensive metabolizers of encainide, QRS du- 
ration increased progressively during exercise from 117 
+ 13 ms at rest to 131 + 17 ms (p = 0.002) at peak 
exercise, with a mean heart rate increase of 38 beats/min 
(Figure 1, top; Figure 2, top). The increase in QRS 
duration varied from 7 to 25% for individual patients, 
with a mean increase of 12%. In the poor metabolizers, 
QRS duration was 102 + 6 ms at rest and 101 + 6 ms 
(difference not significant) at peak exercise, with a mean 
heart rate increase of 65 beats/min (Figure 1, middle; 
Figure 2, bottom). In the control group, ORS duration 
was 94 + 15 ms at rest and 95 + 15 ms (difference not 
significant) at peak exercise, with a mean heart rate 
increase of 58 beats/min (Figure 1, bottom). The mean 
heart rate increase during exercise for both the poor 
metabolizers and the control group was significantly 
greater than it was for extensive metabolizers (p 
<0.005). 

There were no arrhythmias during exercise or in re- 
covery. The correlation between the absolute increase in 
heart rate during exercise and the degree of QRS prolon- 
gation (r = 0.4) in individual extensive metabolizer pa- 
tients was poor. For extensive metabolizers, relative se- 
rum concentrations of encainide, its metabolites and 
their ratios were not predictive of the degree of exercise- 
induced ORS prolongation (difference not significant). 

The QRS duration of the resting electrocardiogram 
was compared in individual patients before and after 
treatment with encainide. In 6 of 7 extensive metabo- 
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lizers, an increase in resting QRS duration was detected 
with encainide, with a mean increase in all 7 patients of 
21 + 13 ms. The 3 patients who demonstrated the great- 
est percent increase in QRS duration at rest with encai- 
nide (44, 38 and 33%) also demonstrated the greatest 
degree of exercise-induced QRS prolongation (11, 15 
and 25%), although there was no consistent correlation 
for the 7 patients. Neither poor metabolizer demon- 
strated QRS prolongation on the resting electrocar- 
diogram. 

Encainide can cause rate-dependent prolongation of 
conduction in isolated cardiac muscle preparations.’ 
However, encainide is much less potent than ODE or 
MODE in producing rate-dependent effects on intraven- 
tricular conduction. In the present study, neither of the 2 
patients who were poor metabolizers demonstrated rate- 
dependent changes in QRS duration despite high levels of 
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FIGURE 2. Representative plots of the 
QRS duration during exercise and recov- 
ery in an extensive metabolizer (top) and 
in a poor metabolizer (bottom) of encai- 
nide. Each patient served as their own 
control. Top, before treatment with encai- 
nide, the QRS duration was 101 ms and 
did not change with exercise. With encai- 
nide (75 mg/day), the resting QRS in- 
creased to 127 ms and progressively in- 
creased further to 152 ms at peak exer- 
cise. During recovery, the QRS duration 


encainide, the QRS duration was 107 ms 
and did not change with exercise. With 
encainide (105 mg/day), no further QRS 
prolongation occurred at rest or with ex- 
ercise. 
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encainide. It appears that in the usually prescribed doses 
the concentration of encainide is not sufficient to produce 
rate-dependent increases in QRS duration; the presence 
of its active metabolites is required. Furthermore, it is of 
interest that no rate-dependent QRS prolongation was 
evident in 1 poor metabolizer despite a serum concentra- 
tion of 100 ng/ml of ODE. However, the total serum 
concentration of ODE and MODE metabolites in this 
patient was still less than it was in any extensive metabo- 
lizer, and apparently was less than the minimum level of 
metabolite concentration necessary to show rate-depen- 
dent prolongation of intraventricular conduction. 

The changes in intraventricular conduction demon- 
strated in this study occurred in the absence of clinical or 
electrocardiographic evidence of exercise-induced isch- 
emia, and in the absence of other drugs that might influ- 
ence conduction intervals. Furthermore, none of the pa- 
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tients were receiving drugs, such as quinidine, that are 
capable of interfering with encainide metabolism.6 

These data also confirm previous findings with flecai- 
nide, another potent class IC antiarrhythmic agent, in 
which conduction slowing was enhanced by exercise-in- 
duced sinus tachycardia or by ventricular pacing.” In the 
flecainide study, the physiologic increase in heart rate 
associated with exercise was the major determinant of 
conduction slowing, and other factors associated with 
exercise were apparently not contributory. In addition, 
flecainide’s effect on QRS prolongation at rest predicted 
further QRS prolongation with exercise. 

The encainide metabolites, ODE and MODE, play an 
important role in drug effects at rest $ However, what 
effect rate-dependent prolongation of intraventricular 
conduction by ODE and MODE has on either antiar- 
rhythmic efficacy or proarrhythmia has still not been 
fully elucidated. 

Rate-dependent conduction slowing by flecainide has 
been implicated as an arrhythmogenic mechanism in pre- 
disposed patients. Ranger et al’ speculated that in pa- 
tients with preexisting areas of abnormal conduction, 
rate-dependent conduction slowing by flecainide could so 
alter conduction that sustained reentry in a potentially 
arrhythmogenic region could develop. 

Encainide can produce a proarrhythmic effect in pre- 
disposed patients, both with exercise? and at rest.!° Con- 
ceivably, the mechanism of proarrhythmia may involve 
rate-dependent conduction slowing by encainide metabo- 
lites, ODE and MODE. If so, then blunting rate-depen- 
dent conduction slowing may prevent proarrhythmia 
from developing. Recent evidence suggests that the 
proarrhythmic effects of encainide and flecainide may be 
reversed by 6-adrenergic blockade.!! This is of particular 
interest in light of recent evidence from the Cardiac Ar- 
rhythmia Suppression Trial, which indicates that encai- 
nide can be deleterious in patients with asymptomatic 
postinfarction ventricular ectopy.!? 


Thus, in the quest for finding better ways of predicting 
drug efficacy, inefficacy and proarrhythmia, rate-related 
changes in QRS duration may be an additional means for 
evaluating drug effect. As indicated by these initial obser- 
vations, rate-related changes in QRS duration may also 
be a means for recognizing subgroups of patients with 
different phenotypic patterns of encainide metabolism. 
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Effects of Noninvasive Ambulatory Blood Pressure Measuring Devices 


on Blood Pressure 


Geoffrey Brigden, MRCP, Paul Broadhurst, MRCP, Peter Cashman, PhD, and Edward B. Raftery, MD 


i t is well recognized that the act of blood pressure (BP) 
measurement may influence the level of BP.! This 
“cuff response” is attributed to an alerting reaction; it 
does not decrease with repeated measurement, and is 
worse in the presence of a doctor than in the presence of a 
nurse.* This suggests that the major component of the 
reaction is not discomfort from inflation of the cuff, and 
this is supported by the fact that BP usually increases 
before the cuff is applied. These observations have led to 
the assumption that ambulatory cuff BP devices do not 
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provoke such effects. This is implicit in the high reproduc- 
ibility of measurements in groups of subjects that has 
been observed with some modern machines,3 although 
this could simply reflect the reproducibility of the alerting 
response. This issue has only been addressed in subjects 
confined to bed for relatively brief periods.4 No account 
has been taken of the possibility of effects on patients 
trying to sleep at night, or of the overall impact of wearing 
such devices. Ambulatory BP monitors are coming into 
wide use for the assessment of hypertensive subjects be- 
fore and after treatment. This follows observations that 
ambulatory measurements are better prognostic indica- 
tors than casual readings.° This study tests the hypothesis 
that wearing an ambulatory cuff BP monitor might, in 
itself, alter BP by increasing discomfort, influencing ac- 
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tivity or sleep patterns, or by promoting an alerting re- 
sponse. 
Thirteen patients (9 men and 4 women) undergoing 
ambulatory intraarterial BP monitoring for assessment 
í of hypertension were studied. They had a mean age of 43 
years (range 19 to 60). Of these subjects, 3 were taking 
medication: 2 were taking a slow-release preparation of 
nicardipine, and 1 was taking quinapril (a new angioten- 
sin-converting enzyme inhibitor). Patients on B blockers 
were specifically excluded. All patients gave informed 
consent and the study was approved by the Harrow 
Health Authority Ethical Committee. 

Initial 24-hour ambulatory intraarterial monitoring 
was performed without the addition of the cuff measur- 
ing device. The intraarterial recording was then contin- 
ued for a further 24 hours after a Colin 630 noninvasive 
ambulatory BP monitor (Nippon/Colin, Japan) was at- 
tached. 

The cuff of the Colin monitor was applied to the 
contralateral arm. This inflated 6 times per hour during 
the day and 3 times per hour during the night. During 
both monitoring periods, patients were fully ambulant 
outside the hospital, and were simply instructed to 
straighten and reduce arm movement to a minimum 
whenever the cuff device triggered. The pre-cuff inflation 
warning bleep was disabled. The device had a “retry” 
facility, so that if the patient moved the arm too vigor- 
ously during an inflation, a second inflation occurred. 

Intraarterial BP monitoring was performed using the 
Oxford technique, which has been fully described and 
validated elsewhere.® A 3Fr gauge Teflon® cannula was 
inserted into the brachial artery on the nondominant arm 
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FIGURE 1. Part of an ambulatory recording of intraarterial 
blood pressure (BP) and heart rate (HR) with the points of cuff 
inflation indicated by arrows (10-minute intervals). The in- 
crease in BP coincided with activity and not with cuff inflation. 
bpm = beats/min. 
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under local anesthetic with the Seldinger technique, and 
was then connected to a transducer/perfusion unit 
through a manometer line; the signals from this and a 
bipolar electrocardiogram were recorded onto an Oxford 
Medilog 4-24 recorder, incorporating a time channel and 
electrical event marker. 

The intraarterial BP tapes were replayed using an 
analog chart recorder to check for gross artifact or re- 
corder malfunction. They were then analyzed with a 
purpose-built system consisting of a modified Reynolds 
Medical CR11 Holter cassette deck and a DEC MINC 
11/23 digital computer. The timing was set up to align 
the digital clock of the Colin monitor with the intraarte- 
rial recording, and time correction was performed to 
account for tape speed variation. In no instance did this 
vary by >1 minute in 24 hours. In addition, the intraarte- 
rial BP signal was visually checked, for each patient, by 
an observer (PC), who tried to identify the points of cuff 
inflation from changes in intraarterial BP. 

For each patient the 30-second mean intraarterial BP 
coincident with each cuff inflation was identified and 
compared with their residual overall mean daytime 
(midday to P.M. hours) and nighttime (midnight to 6 
A.M. hours) BPs. Paired Student et tests were performed 
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FIGURE 2. Twenty-four-hour profiles of intraarterial blood 
pressure and heart rate before (closed bullet) and after (open 
bullet) applying the noninvasive monitor. 
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for each patient to see if any significant changes in BP or 

heart rate had occurred. A 30-second mean intraarterial 
BP might be expected to coincide with the systolic and 
diastolic points of a cuff inflation, because it has been 
previously shown that brief (e.g., 1 minute) intraarterial 
BP means do not differ significantly from randomly 
selected single beats from within that period.’ 

Pooled mean hourly intraarterial BP and heart rate 
for all subjects were obtained for each hour of the 24- 
hour period before application of the Colin device. These 
were plotted for comparison with pooled mean hourly 
intraarterial BP and heart rate during the 24 hours of 
cuff BP monitoring to assess any overall impact of wear- 
ing the device. Significance was assessed using paired 
Student's t tests. 

Inspection of the intraarterial BP signal as it was 
replayed did not reveal any recurring pattern of BP ele- 
vation that could be distinguished from normal variation 
(Figure 1). The patients did, however, show an increase 
in BP coincident with returning to the hospital to see the 
physician in the late afternoon (Figure 2). 

Table I lists the numbers of subjects showing signifi- 
cant differences between their 30-second mean intraarte- 
rial BP at the times of cuff inflation and their residual 
means (each taken as a constant) for the daytime and 
nighttime periods. Only inflations that could be timed 
precisely were used (thus, failed inflations and ‘retries” 
were excluded), so that during the day these were based 
on a mean of 27 readings per patient and at night on a 
mean of 16 readings per patient. The only significant 
changes were small decreases in systolic BP and heart 
rate in 4 different subjects, suggesting that there were no 
pressor effects at the times of inflation, and that reduced 
activity at the points of inflation did not influence the 
results. 

The pooled mean hourly intraarterial BP for the 2 
consecutive 24-hour periods are shown in Figure 2. Over- 
all, it can be seen that there was little difference between 
them. The characteristic BP increase at 17:00 hours (5 
P.M.) coincided with the patients returning to the hospital 
for equipment checks by the physician. At this point, the 
intraarterial systolic BP was higher (p <0.05) on the 
second day. The slightly higher nocturnal systolic BP 
suggested poorer sleep, but there was no significant dif- 
ference in mean nighttime BP between the 2 monitoring 


periods. 
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No Effect 


Diastolic 0 0 13 
pressure 
(mm Hg) 

Heart rate 0 1 (5.9) 12 
(beats /min) 


p >0.05) on 30-second mean intraarterial blood pressure at times of inflation compared with the 
residual mean. The only significant changes occurred in 4 different subjects. The magnitudes of these changes are shown in brackets—all were decreases rather than increases. 
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This study demonstrates that ambulatory cuff BP de- 
vices do not induce a pressor response at the times of 
inflation. This applies both to the daytime period, when 
the patients were active and alert, and to the nighttime, 
when there might have been transient disturbances in 
sleep, with the potential for larger increases from basal 
measurements. This concurs with a recent report by 
Schwan and Pavek,® who suggested that basal nocturnal 
BP was not influenced by a bedside noninvasive device, 
despite evidence of transient sleep disturbance on the 
electroeneephalogram. Thus, the concept of “white coat” 
rather than “cuff” hypertension gains additional support 
from these findings. The main implication is that, in 
common with intraarterial BP monitoring, ambulatory 
cuff monitors may be used with confidence, both clinical- 
ly and in the context of drug trials, to exclude subjects 
who show an exaggerated BP response when visiting the 
doctor for casual cuff measurements. It also goes some 
way to explain why a technique of questionable accura- 
cy”!° has been shown to be reproducible in groups of 
subjects. 
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‘Training for Intermediate 








Clinical Lipid Specialists 


Most efforts to educate physicians 
about lipid disorders, such as the National 
Cholesterol Education Program, target 
all physicians, with emphasis on those 
providing primary care. There remains, 
however, a gap in lipid practice between 
the community physician engaged in pri- 
mary care and the lipid specialist practic- 
ing at a tertiary referral center. Although 
the majority of patients with high choles- 
terol or triglyceride levels can be managed 
readily by the primary care physician, the 
remaining cases still exceed the capacity 
of the 50 or so regional lipidsclinics in the 
United States. 

To fill this gap, local community exper- 
tise in lipid disorders needs to be devel- 
oped. The concept of the intermediate 
clinical lipid specialist has emerged—a 
physician who can serve as a resource for 
consultation and who can establish a stan- 
dard of practice as an opinion leader 
in large and small communities. A new 
training program in lipid disorders initiat- 
ed by the American Heart Association 
(AHA) is intended to help to meet this 
need. 

Six regional lipid clinics were chosen as 
AHA Training Centers for Clinical Man- 
agement of Lipid Disorders on the basis 
of peer-reviewed competitive applications 
and are to be funded by an educational 
grant from Bristol Myers—Squibb. Each 
center will provide in-depth education in 
pathophysiology, diagnosis and manage- 
ment of a wide spectrum of lipoprotein 
disorders to approximately 80 physicians 
per year. The trainee will besexpected to 
undertake home study as wellas a 3- to 5- 
day intensive on-site course. The educa- 
tional experience will involve didactic 
course material, laboratory experience, 
nutrition counseling, practieal “hands- 
on” examination of patients, case study 
discussions and practice management 
seminars under the personal tutelage of a 
highly qualified faculty of lipid special- 
ists. Each physician trainee will be en- 
couraged to bring | or possibly more an- 
cillary staff members, such as nurses and 
dietitians. 

The follow-up component is perhaps 
most important for successful implemen- 
tation of a community-based lipid special- 
ist program. The 6 Training Centers, in 
connection with other major referral lipid 
clinics, will continue to serve as tertiary 
referral centers for difficult cases. In ad- 
dition, plans for telephone or facsimile 
consultation services are beingsdeveloped. 
The centers will serve as, or be associated 
with, laboratory referral sites for compar- 
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ison with local laboratories and for provi- 
sion of lipoprotein tests not commonly 
available in community laboratories. An 
annual 1-day continuing education con- 
ference for course graduates and a news- 
letter are also planned. 

Practicing physicians who have the op- 
portunity to serve as lipid consultants in 
their communities are encouraged to ap- 
ply. Specialization will not be a selection 
criteria, although a significant amount of 
the physician’s time should be spent in 
direct patient care. Selection of trainees 
will be based in part on regional distribu- 
tion. 

Training Centers are located at Baylor 
College of Medicine, Houston, Texas; 
Johns Hopkins University, Baltimore, 
Maryland; University of California, San 
Francisco and Berkeley, San Francisco 
and Berkeley, California; University of 
Iowa, Iowa City, Iowa; University of 
Washington, Seattle, Washington; and 
Washington University, St. Louis, Mis- 
souri. The first courses are scheduled to 
begin in January 1991. For information 
and applications forms, write: Eleanor 
Sanders, Coordinator, AHA/Squibb Lip- 
id Disorders Training Centers, American 
Heart Association, 7320 Greenville Ave- 
nue, Dallas, Texas 75231. 

H. Robert Superko, mp 
Berkeley, California 


Ventricular Arrhythmias During 
Spontaneous Ischemic 
ST-Segment Depression 


In the February 15, 1990 issue of The 
American Journal of Cardiology, we re- 
ported our observations on the association 
of ventricular arrhythmias and increased 
ventricular ectopic activity during isch- 
emic episodes.' We believed it was impor- 
tant to emphasize even in the title of our 
report that we dealt with ambulatory pa- 
tients. While our article was in press, the 
October 15, 1989 issue carried an article 
by Turitto et al? on their experience with 
ventricular arrhythmia “during spontane- 
ous ischemic ST-segment depression.” 
Only careful reading of the “Methods” 
section enabled us to realize that their in- 
vestigation dealt exclusively with in-hos- 
pital patients, and that the reason for hos- 
pitalization in “all patients” (my em- 
phasis) was “symptoms consistent with 
spontaneous angina ....” This raises the 
possibility that many of them could have 
been diagnosed as having unstable angi- 
na. This seems to have been the case for 
the 28 patients with “recent onset” angina 
and for the 15 others (although these 2 
groups may have overlapped) with “wors- 
ening” angina; the latter group may have 
included patients with “crescendo” pain, 
also classified by many as unstable angi- 
na. Only for 17 patients do the authors 
clarify that “‘angina was stable.” 

If, as seems to be true, quite a few of the 
patients included in the Turitto et al study 
had unstable angina, this could explain 
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the somewhat higher incidence of ventric- 

ular arrhythmias, as well as the more ma- 

lignant types (ventricular tachycardias 

during 6 ischemic attacks) in their study 
than in the study we reported. 

Shlomo Stern, mp 

Jerusalem, Israel 

31 January 1990 


1. Stern S, Banai S, Keren A, Tzivoni D. Ven- 
tricular ectopic activity during myocardial isch- 
emic episodes in ambulatory patients. Am J 
Cardiol 1990;65;412-416. 

2. Turitto G, Zanchi E, Maddaluna A, Pelle- 
grini A, Risa AL, Prati PL. Prevalence, time 
course and malignancy of ventricular arrhyth- 
mia during spontaneous ischemic ST-segment 
depression. Am J Cardiol 1989;64:900-904. 


REPLY: We acknowledge differences in 
the incidence of ventricular arrhythmias 
during transient myocardial ischemia be- 
tween our study! and the one by Stern et 
al.? As was correctly pointed out, the dis- 
crepancy may be due to different selec- 
tions of the patient population. Stern et al 
focused on patients with stable angina, 
while we devoted our attention to patients 
with spontaneous ischemic ST depression, 
as was Clearly stated in the title of our 
article.! We elected to use the definition 
“spontaneous angina” rather than “un- 


stable angina” because we feel that the ` 


latter represents a mixed bag into which 
different categories of patients with exer- 
tional, spontaneous chest pain, or both, 
may fall. 

Our study unequivocally showed that 
the frequency of ventricular arrhythmias 
depends on the severity of myocardial 
ischemia.' In fact, the number of daily 
ischemic attacks and the total ischemic 
time doubled in the group with arrhyth- 
mias, as compared to the group without 
arrhythmias. Moreover, in patients with 
arrhythmias, ischemic attacks lasted 
twice as long in the presence of arrhyth- 
mias than they did in their absence. The 
characteristics of the overall population 
studied by Stern et al? were remarkably 
similar to those without arrhythmias doc- 
umented in our group, as far as the num- 
ber of ischemic attacks, total ischemic 
time and duration of ischemic attacks 
were concerned. Their finding of a lower 
arrhythmogenicity may thus be expected 
based on these data. On the other hand, 
the frequency of arrhythmias related to 
ischemic attacks may have been overesti- 
mated in their analysis, because the oc- 
currence of frequent ventricular prema- 
ture complexes unrelated to ischemic at- 
tacks did not represent an exclusion 
criterion in their study (mean ventricular 
premature complexes/24 hrs 243 + 538). 
Their definition of “increased ventricular 
ectopic activity,” which formed the basis 
for their diagnosis of arrhythmogenic 
ischemic attacks in all their patients, may 
not be entirely accurate, based on the 
spontaneous variability of ventricular ar- 
rhythmias.* 

Gioia Turitto, mp 
Wichita, Kansas 


5 March 1990 
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1. Turitto G, Zanchi E Maddaluna A, Pelle- 
grini A, Risa AL, Prati PL. Prevalence, time 
course and malignancy of ventricular arrhyth- 
mia during spontaneous ischemic ST-segment 


_ depression. Am J Cardiol 1989;64:900-904. 


2. Stern S, Banai S, Keren A, Tzivoni D. Ven- 
tricular ectopic activity during myocardial isch- 
emic episodes in ambulatory patients. Am J 
Cardiol 1990;65:412-416. 

3. Rutherford JD, Braunwald E, Cohn PF. 
Chronic ischemic heart disease. In: Braunwald 
E, ed. Heart Disease. Philadelphia: WB Saun- 
ders, 1988:1314-1378. 

4. Winkle RA, Peters F, Hall R. Characteriza- 
tion of ventricular tachyarrhythmias on ambu- 
latory ECG recordings in post-myocardial .in- 
farction patients: arrhythmia detection and 
duration of recording, relationship between ar- 
rhythmia frequency and complexity, and day- 
to-day reproducibility. Am Heart J 1981; 
102:162-169. 


Balloon Angioplasty of Native 
Aortic Coarctations 


I read with interest the article entitled 
“Balloon Angioplasty for the Treatment 
of Native Coarctation: Results of Valvu- 
loplasty and Angioplasty of Congenital 
Anomalies Registry” in the March 15th 
issue of The American Journal of Cardi- 
ology.' Because of my interest in bal- 
loon angioplasty of native aortic coarcta- 
tions,2~? I was hoping that a study involv- 
ing as large a number of patients as this! 
would answer the questions and concerns 
that many cardiologists have, but I was 
disappointed to note that this article did 
not address these issues and that, in addi- 
tion, problems with regard to data collec- 
tion, analysis and interpretation exist. I 
am surprised at the incompleteness of the 
data; there were full data in only 92 of 141 
procedures; even the dates of birth were 
not available in 29 procedures. Why was 
no attempt made to obtain this informa- 
tion before publication of this paper? 
How many of the patients reported on in 
this paper were previously reported? 
From the list of the participating institu- 
tions,!° one can easily surmise that many 
of these patients had been previously re- 
ported. It was stated that aneurysms were 
confirmed in 7 children and suspected in 






VACA Registry 








Native 


Pressure gradient relief 
Before angioplasty 48 4 19* 
After angioplasty 12+11* 












Deaths 


TABLE I Comparison of Results of Balloon Angioplasty from 


Coarctation! 


Arterial complications 14/114(9.9%) 17/200(8.5%) >0.1 
1/141 (0.7%) 


* mm Hg; mean + standard deviation. 
VACA = Valvuloplasty and Angioplasty of Congential Anomalies. 


1, giving an incidence of 5 to 6%. Was 
there follow-up in all 140 patients? I 
thought that the authors stated elsewhere 
in the paper that there was no follow-up 
data. If there was no follow-up data, how 
was the percent incidence derived? If 
there was follow-up, did all these patients 
have follow-up catheterization and angi- 
ography (or magnetic resonance imaging) 
and, if so, what were the residual gradi- 
ents? How many had recoarctation? 

When considering the effect of the ratio 
of balloon diameter to coarctation diame- 
ter on the residual pressure gradient, it 
may have been worthwhile to look at re- 
sidual gradients at varying levels of bal- 
loon/coarctation diameter ratios. 

Finally, the conclusion of this article! 
was, “The question remains not can it be 
done, but should it be done?”’, whereas the 
article on balloon angioplasty of aortic re- 
coarctation after previous surgery!'! con- 
cludes, “ . . . balloon angioplasty for relief 
of residual or recurrent aortic coarctation 
offers an acceptable alternative to repeat 
surgical repair.” If one examines the re- 
sults of both studies (Table I), the degree 
of gradient relief and the arterial compli- 
cation rate are similar for both native 
coarctations and recoarctations.':!! How- 
ever, the death rate after angioplasty is 
slightly higher for recoarctations (2.5%, 5 
of 200) than that for native coarctations 
(0.7%, 1 of 141), although this did not 
attain statistical significance (p is be- 
tween 0:05 and 0.1). I wonder about the 
objectivity of the scientific interpretation; 
how can one conclude almost the opposite 
with exactly similar data? With these 
data and other data collected from previ- 
ously published reports that we tabulated 
elsewhere,’ one cannot recommend bal- 
loon angioplasty for recoarctation while 
not recommending it for native coarcta- 
tion. I do believe that we need to maintain 
objectivity of scientific interpretation and 
perhaps wait for long-term follow-up re- 
sults on a larger number of patients in 
both native and recoarctation groups to 
become available before making any de- 
finitive recommendations. 

P. Syamasundar Rao, mp 


Madison, Wisconsin 
16 April 1990 


Recoarctation!! p Value 


42 + 20* >0.1 
9+ 3* 


5/200(2.5%)  0.05-0.1 
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Postmortem Cardiomyopathy or 
Postpartum Cardiomyopathy ? 


Recently a medical student on ward 
rounds presented to me a woman who de- 
veloped congestive heart failure 2 days af- 
ter her delivery of a full-term baby. In the 
chart the student wrote that the patient 
was suffering from “postmortem cardio- 
myopathy.” I knew that postpartum car- 
diomyopathy was pretty serious, but did 
not think it was that serious. At long last, 
you as a pathologist and I as a cardiologist 
find we have something in common. 

Tsung O. Cheng, mp 
Washington, D.C. 
27 August 1990 


CORRECTION 


In an August 1, 1990 editorial, “Ratio- 
nale Against the Drug Treatment of Mar- 
ginal Diastolic Systemic Hypertension,” 
by Freis, the legend for Figure 1 on page 
369 incorrectly attributes the figure to 
tabular data drawn from Cruikshank et 
al.'!° The figure is actually drawn from 
tabular data presented by McGee et al.’ 
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The Best Antiarrhythmic Agent 
Will Be a Lipid-Lowering Agent 


n September 1990 I attended a 2-day conference en Sudden 
[costs Death and heard a number of talks on malignant and 

potentially malignant ventricular arrhythmias. A variety of car- 
diac conditions, of course, have an increased propensity to develop 
ventricular arrhythmias. These include coronary artery disease, sys- 
temic hypertension, idiopathic dilated cardiomyopathy. hypertro- 
phic cardiomyopathy, amyloidosis, sarcoidosis, mitral valve pro- 
lapse, some congenital cardiac anomalies, among others, and occa- 
sionally some malignant arrhythmias develop in the absence of 
“structural heart disease.” Although they may be associated with 
several conditions, malignant ventricular arrhythmias most com- 
monly (>75%) occur in association with severe coronary arterial 
narrowing from atherosclerosis. And the frequency of symptomatic and fatal myocardial 
ischemia increases as the amount of atherosclerotic plaque in our coronary arteries in- 
creases. And the amount of plaque increases as our total and low-density lipoprotein 
cholesterol levels in the serum increase and as the high-density lipoprotein cholesterol level 
decreases. If the percentage of calories from fat diminished in our diets from 40-42% to 
about 10%, our serum total cholesterol levels and the frequency of symptomatic and fatal 
myocardial ischemia would drop to rates where malignant ventricular arrhythmias would 
be “non-problems.” Because reducing our percentage of calories from fat by 75% is 
unrealistic for most of us, the lipid-lowering drugs are needed. 

In conjunction with low fat-low cholesterol diets, lipid-lowering agents slow, retard and 
reverse the atherosclerotic process, and, therefore, delay, retard and prevent the formation 
of atherosclerotic plaques by lowering our total and low-density lipoprotein serum levels, 
and by raising our high-density lipoprotein levels. The lower the total and low-density 
lipoprotein levels, the less the atherosclerotic plaque and the less the chance of developing 
malignant and potentially malignant arrhythmias. 

I kept wondering during the sudden-cardiac-death conference how much the cardiac 
electrical experts knew or cared about cholesterol. I’ll wager a bet with anyone that lipid- 
lowering agents eventually will prove to be the best antiarrhythmic agents. 


MWh. C vA 


William Clifford Roberts, mp 
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What’s a common 
denominator 

of most heart 
attack victims? 


Mixed hyperlipidemias—elevated cholesterol and 
triglycerides—are common among heart attack 
victims,! and nearly two-thirds of people who 
developed myocardial infarction in the PROCAM Trial 
had a low (<35 mg/dL) baseline level of HDL 
cholesterol. 
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1403 AN UE SRSA Ie Lët he ST ee EE SE? 
Changes in Myocardial Ischemic Threshold During 
Daily Activities 

Shmuel Banai, Mady Moriel, Jesaia Benhorin, Alex Gavish, 
Shlomo Stern, and Dan Tzivoni 


We studied myocardial ischemic thresholds (heart rate at the 
onset of ischemic episodes) in 80 patients with coronary artery 
disease and observed marked variability of ischemic thresholds 
in different patients. The highest ischemic threshold during 
daily activities was similar to that during exercise and may 
represent an impairment in coronary blood flow due to a fixed 
coronary lesion, whereas the lowest ischemic threshold proba- 
bly represents a reduction in flow due to increased coronary 
tonus. 


SPR SE eal EEN Se a aed 
Changes in Standard Electrocardiographic ST-Segment 
Elevation Predictive of Successful Reperfusion in Acute 
Myocardial Infarction 

Peter Clemmensen, E. Magnus Ohman, Dorina C. Sevilla, 
Steve Peck, Nancy B. Wagner, Peter S. Quigley, Peer 
Grande, Kerry L. Lee, and Galen S. Wagner 


The sum of ST-segment elevation in affected electrocardio- 
graphic leads was compared before and after thrombolytic 
therapy in 53 patients with acute myocardial infarction. Inves- 
tigation revealed that a 20% decrease in ST elevation provided 
a diagnostic test with simultaneous high sensitivity, specificity 
and positive predictive value. Results confirm the usefulness of 
the standard electrocardiographic ST segment as a noninvasive 
predictor of reperfusion. 


1412 EE" thes RE LIEF Cae ae Re 
Effect of Heparin on Coronary Arterial Patency After 
Thrombolysis with Tissue Plasminogen Activator in 
Acute Myocardial Infarction 

Stanley D. Bleich, Timothy C. Nichols, Richard R. 
Schumacher, David H. Cooke, David A. Tate, and 

Sam L. Teichman 


Eighty-four patients with acute myocardial infarction received 
a standard dose of 100 mg of recombinant tissue-type plasmin- 
ogen activator over 3 hours and 42 of these were immediately 
administered intravenous heparin anticoagulation. Data indi- 
cate that after rt-PA therapy, heparin is associated with sub- 
stantially higher coronary patency rates 3 days after thrombo- 
lysis but is accompanied by an increased incidence of minor 
bleeding complications. 
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Usefulness of a Pericardial Friction Rub After 
Thrombolytic Therapy During Acute Myocardial 
Infarction in Predicting Amount of Myocardial Damage 
Thomas C. Wall, Robert M. Califf, Lynn Harrelson-Woodlief, 
Daniel B. Mark, Michael Honan, Charles W. Abbotsmith, 
Richard Candela, Eric Berrios, Harry R. Phillips, Eric J. Topol, 
and the TAMI Study Group 


We prospectively studied 810 patients who developed a peri- 
cardial friction rub after receiving thrombolytic therapy for 
acute myocardial infarction to evaluate clinical incidence and 
outcomes. Although the incidence of clinical pericarditis in this 
setting is low (5%), patients with this complication have more 
extensive myocardial damage and a higher in-hospital mortali- 
ty, but do not develop cardiac tamponade. 


aldo wht ERAN 


= 





ae 
(uss A 
Sé odes Poe a? 


ne 
= Ie ot 


8 
Fiat ial 


eh ie y! 


1422 

Determinants and Significance of Diltiazem Plasma 
Concentrations After Acute Myocardial Infarction 
Stanley Nattel, Mario Talajic, Robert E. Goldstein, John 
McCans, and The Multicenter Diltiazem Postinfarction Trial 
Research Group 
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In 1,067 patients studied in the Multicenter Diltiazem Postin- 
farction Trial, we sampled 1,975 plasma drug concentrations 
at 1-, 6-month and closeout intervals and found them signifi- 
cantly affected by drug dose actually taken, time from the last 
dose, patient age and height, and left ventricular dysfunction 
as indicated by pulmonary edema on x-ray. Diltiazem’s effects 
depend on its concentration in blood plasma, and consideration 
of patient age, size and left ventricular function may allow for 
benefit with a reduced risk of adverse effects. 


1429 Wi Ska das ESR alee RES Stas Me PK Tel 
Prehospital Thrombolysis in Acute Myocardial 
Infarction 


Joachim Schofer, Jochen Bittner, Gabriele Geng, Klaus 
Gutschmidt, Hans N. Herden, Detlef G. Mathey, Heinz P. 
Moecke, Peter Polster, Alexander Raftopoulo, Florence H. 
Sheehan, and Peter Voelz 


The benefit and risk of prehospital thrombolysis for acute 
myocardial infarction were evaluated in a double-blind ran- 
domized trial. Prehospital thrombolysis using a bolus injection 
of urokinase has a low risk when performed by a trained physi- 
cian with a mobile care unit. The saving of 45 minutes in the 
early stage of an acute infarction through prehospital thrombo- 
lysis did not appear important for salvage of myocardial 
function. 
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Acute Myocardial Infarction and Chest Pain Syndromes 
After Cocaine Use 

Mahesh Amin, Gary Gabelman, Jill Karpel, and Peter Buttrick 


We evaluated 70 patients hospitalized with chest pain after 
cocaine use to define risk and clinical course of acute myocar- 
dial infarction. AMI may not be due to primary effects of 
cocaine but rather its secondary effects leading to gradual 
thrombus formation. Median time to onset of chest pain after 
cocaine ingestion was longer in patients who developed AMI 
than in those who did not. 


De ei EE Se ee E EENS 
Comparison of Thallium-201 and Technetium-99m 
Hexakis 2-Methoxyisobutyl Isonitrile Single-Photon 
Emission Computed Tomography for Estimating the 
Extent of Myocardial Ischemia and Infarction in 

Artery Disease 
Kenneth A. Narahara, Javier Villanueva-Meyer, Craig J. 
Thompson, Marianne Brizendine, and Ismael Mena 


Single-photon emission computed tomography using thallium- 
201 was compared with technetium-99m hexakis 2-methoxy- 
isobutyl isonitrile in 24 patients with coronary artery disease. 
Defect size estimated from stress Tl-201 images was signifi- 
cantly larger than the exercise Tc-99m MIBI estimates of de- 
fect mass. Stress Tc-99m MIBI defect sizes defined by visual 
interpretation or use of isocount analysis may be smaller than 
those obtained with stress Tl-201 SPECT. 


1445 ET E Se aera) ae ied eee ee 
Recanalization of Chronic Total Coronary Arterial 
Occlusions by Percutaneous Excimer-Laser and Laser- 
Assisted i 

Gerald S. Werner, Arnd Buchwald, Christina Unterberg, 
Eberhard Voth, Heinrich Kreuzer, and Volker Wiegand 


Recanalization was attempted by excimer laser angioplasty in 
39 patients with a chronic coronary occlusion. After passing 
the occlusion by a wire in 27 patients, the laser catheter could 
be advanced across the occlusion in 25 patients. If the residual 
stenosis exceeded 50%, laser was followed by additional bal- 
loon angioplasty. Primary success was limited by the need for a 
successful passage of the wire; limited size of the achieved 
lumen required additional balloon angioplasty in 76% of cases. 


Bypass Grafting 
Sinikka Yli-Mayry, Heikki V. Huikuri, Ulla R. Korhonen, K.E. 
Juhani Airaksinen, Markku J. Ikäheimo, Markku K. 
Linnaluoto, and Juha T. Takkunen 


Two hundred patients who were studied before and 3 months 
after coronary artery bypass grafting were prospectively fol- 
lowed up for 61 + 19 months. The prevalence of exercise- 
induced ventricular arrhythmias increases after CABG, but 
the occurrence of ventricular arrhythmias does not indicate an 
increased risk of cardiac death. 
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Temporal Relation Between Left Ventricular 
Dysfunction and Chest Pain in Coronary Artery 
Disease During Activities of Daily Living 

Junichi Taki, Tsunehiro Yasuda, Nagara Tamaki, Scott D. 
Flamm, Adolph Hutter, Herman K. Gold, Robert Leinbach, 
and H. William Strauss 
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To determine the incidence and temporal sequence of left ven- 
tricular dysfunction, ST-segment depression and chest pain on- 
set in patients with documented coronary artery disease, we 
monitored 43 patients for 2.9 + 1.9 hours with an ambulatory 
LV monitoring device that couples radionuclide techniques 
with Holter monitoring, providing a beat-by-beat description 
of cardiac function and electrocardiographic changes during 
daily activities. Our data suggest that LV dysfunction mani- 
fested by a decrease in ejection fraction precedes angina pecto- 
ris or electrocardiographic evidence of myocardial ischemia. 


I a EE ee e E RE ee 
Recanalization of Chronic, Totally Occluded Coronary 
Arteries by New Angioplasty Systems 

Christian W. Hamm, Wolfram Kupper, Karl-Heinz Kuck, Dirk 
Hofmann, and Walter Bleifeld 


We evaluated new angioplasty devices in 154 consecutive pa- 
tients with chronic total coronary occlusions, following a step- 
wise design in which conventional guidewires and low-profile 
balloons were followed by “balloon-on-the-wire” systems or by 
a shaft-enforced, tip-deflecting catheter. An 82% success rate 
was achieved in patients with total occlusions of <12 weeks’ 
duration and a 58% success rate in arteries occluded from 3 to 
12 months. When occlusions were older than 3 months, 37% of 
lesions were managed only by the advanced, not the conven- 
tional equipment, with a low complication rate. These results 
support the observation that duration of the occlusion is a key 
determinant for successful recanalization. 


Michael A. J. Weber, Joerg Hasford, Claude Taillens, 
Alexander Zitzmann, Georg Hahalis, Herbert Seggewiss, Axel 
F. Langbehn, Dieter Fassbender, Rainer Buchwalsky, Karl 
Theisen, and Eric Hauf 


The prevention of graft occlusion by aspirin or heparin fol- 
lowed by phenprocoumon was investigated in a randomized 
trial in 235 patients after aortocoronary bypass operation. Be- 
cause occlusion rates were equal but high in patients with ad- 
vanced coronary artery disease, a combination of low-dose as- 
pirin and anticoagulant therapy should be investigated to re- 
duce graft occlusion rates further. 


SYSTEMIC HYPERTENSION 


ee We Ee 
Arterial Vasodilator Effects of the Dihydropyridine 
Calcium Antagonist Amlodipine Alone and in 
Combination with Verapamil in Systemic Hypertension 
Wolfgang Kiowski, Paul Erne, Lilly Linder, and 

Fritz Rolf Buhler 


The arterial vasodilator properties of the dihydropyridine calci- 
um antagonist amlodipine were compared with the vascular 
effects of sodium nitroprusside and with the combined infusion 
of amlodipine and the nondihydropyridine calcium antagonist 
verapamil in 8 untreated patients with primary hypertension. 
Forearm blood flow increased dose dependently during graded 
brachial artery amlodipine infusions, whereas sodium nitro- 
prusside resulted in less of an increase; combined infusion of 
amlodipine and verapamil resulted in an additional significant 
increase of forearm blood flow above that seen with amlodipine 
alone. 
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Left Ventricular Filling Impairment in Asymptomatic 
Chronic Alcoholics 

Markku Kupari, Pekka Koskinen, Antti Suokas, and Markku 
Ventila 


Using M-mode and Doppler echocardiography to study left 
ventricular size, mass, systolic function and diastolic filling, we 
compared 32 alcoholics free of heart disease with 15 healthy 
control subjects and found that alcoholics have a higher wall 
thickness and mass of the left ventricle, as well as a prolonged 
relaxation time, lower peak velocity and acceleration of the 
early flow, and a higher atrial-to-early peak velocity ratio. 
These findings suggest that impairment of early diastolic fill- 
ing due to delayed relaxation is an early sign of preclinical 
alcoholic cardiomyopathy. 





CONGENITAL HEART DISEASE 


1478 EE e ET 
Physiologic Peripheral Pulmonic Stenosis in Infancy 
Ricardo J. Rodriguez and Thomas W. Riggs 


We examined 14 premature infants with peripheral pulmonic 
stenosis and 15 full-term neonates by Doppler echocardiogra- 
phy. The PPS group had smaller branch pulmonary artery 
diameters and greater peak velocities in the main PA. Thus, 
patients with PPS have mild underdevelopment of the PA 
branches, with consequent increased flow velocity and turbu- 
lent flow. 
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Arteries in Truncus Arteriosus 
Maria V. de la Cruz, Raul Cayre, Paolo Angelini, Nicholas 
Noriega-Ramos, and Stanislaw Sadowinski 


The origin and distribution of the coronary arteries was de- 
scribed in 39 autopsy specimens of truncus arteriosus classified 
according to the number and patterns of truncal cusps with 
positions defined in relation to the atrioventricular orifices. 
Great variation in the origin and proximal course of the coro- 
nary arteries was observed. 


MISCELLANEOUS 


"EEN Et oe 
Spectrum of Hemodynamic Changes in Cardiac 


Tamponade 
P. Sudhakar Reddy, Edward |. Curtiss, and Barry F. Uretsky 


To investigate the pathophysiology of cardiac tamponade, the 
hemodynamic changes of 77 consecutive patients with >150 
ml of pericardial effusion were studied. Hemodynamic abnor- 
malities, including the inspiratory decrease in arterial systolic 
pressure, progressively increased with increasing accumulation 
of pericardial effusion. Thus, the hemodynamic changes in- 
duced by pericardial effusion are a continuum and cardiac 
tamponade is not an all-or-none phenomenon. 
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Transesophageal Echocardiography in Critically Ill 


Patients 

Jae K. Oh, James B. Seward, Bijoy K. Khandheria, Bernard 
J. Gersh, Christopher G.A. McGregor, William K. Freeman, 
Lawrence J. Sinak, and A. Jamil Tajik 


Transesophageal echocardiography was performed in 51 crit- 
ically ill patients in the intensive care unit. In 59% of pa- 
tients, this method identified cardiovascular problems that 
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could not be clearly diagnosed by transthoracic echocardiogra- 
phy. Transesophageal echocardiography, a unique extension of 
the echocardiographic technique, is safe and has an expanding 
role in the management of critically ill patients suspected of 
having cardiovascular compromise. 


HISTORICAL STUDY 


P o soe ba A a ee 
The Developmental Phase of Modern Coronary Artery 


ery 
René Gerónimo Favaloro 


In this anecdotal history of a landmark era in the development 
of modern coronary artery surgery, the author reconstructs the 
Cleveland Clinic cardiovascular team’s contributions to myo- 
cardial revascularization, paying special homage to the memo- 
ry of his friend, Dr. Mason Sones. 


EDITORIALS 


1504 pol lie AS pre fort Nn ne Ee ET one 
Atrial lsomerism in the Heterotaxy Syndromes with 
Asplenia, or Polysplenia, or Normally Formed Spleen: 
An Erroneous 


. Concept 
Richard Van Praagh and Stella Van Praagh 


1507 
Statistical Significance of Veterans Administration 
Vasodilator Heart Failure Trial Results 

Jay N. Cohn 





BRIEF REPORTS 


Transient Electrocardiographic Changes of Elective 


Angioplasty Compared with Evolutionary 


Nancy B. Wagner, W. Jeffrey Elias, Mitchell W. Krucoff, 
Dorina C. Sevilla, Yvette R. Jackson, Kenneth K. Kent, and 
Galen S. Wagner 
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Percutaneous Transluminal Angioplasty in 
Patients >65 Years of Age 

Carlos Macaya, Fernando Alfonso, Andres Iñiguez, and 
Pedro Zarco 


Long-Term Clinical and Angiographic Follow-Up of 
Coronary 


1515 


insurance Reimbursement for Preventive Cardiology 
Services 


Diane Rosenbaum, Samuel S. Gidding, Lisa C. Bookstein, and 
Stephanie Weaver 


1517 


Prognostic Value of Junctional Recovery Times and 


Long-Time Follow-Up of Complete Atrioventricular 
Nodal Block at a Young Age 

Fernando E.S. Cruz, Roberto Bassan, Luis H. Loyola, Marcio 
Fagundes, Roberto M.S. Sá, Jacob Atié, Paulo Alves, and 
Ivan G. Maia 


1519 


Seasonal Variation in Occurrence of Acute Atrial 


Fibrillation and Relation to Air Temperature and Sale 
of Alcohol 
Markku Kupari and Pekka Koskinen 
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Risk Factors for Atrial Fibrillation After Coronary 


Artery Bypass Grafting 
Lance H. Crosby, W. Bradley Pifalo, Kathleen R. Woll, and 
John A. Burkholder 


1522 

Efficient Estimation of the Heart Period Power 
Spectrum Suitable for Physiologic or Pharmacologic 
Studies 


Jeffrey N. Rottman, Richard C. Steinman, Paul Albrecht, J. 
Thomas Bigger, Jr., Linda M. Rolnitzky, and Joseph L. Fleiss 
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Transvenous Atrial Septal Defect Occlusion by the 


Buttoned Device 


Eleftherios B. Sideris, SoulasE. Sideris, Basil D Thanopoulos, 


Rani L. Ehly, and James P. Fowlkes 
1526 


Results of Laser-Assisted Balloon Angioplasty for 


Peripheral Arterial Obstruction Using a Lensed Fiber- 
Tip Delivery Catheter 

Christopher J. White, Stephen R. Ramee, Michael Aita, 
Gene Samson, Maureen Godfrey, Larry Hollier, and 

Joseph P. Murgo 
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EC Developed Pericardiocentesis 


Sang C. Park, Elfriede Pahl, Jose A. Ettedgui, Donald R. 
Fischer, Lee B. Beerman, and William H. Neches x 
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Relation of Mean Pulmonary Arterial Wedge Pressure 
and Left Ventricular End-Diastolic Pressure 

Eduardo D. Flores, Richard A. Lange, and L. David Hillis 





CASE REPORT 
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Ventricular Arrhythmias After Balloon Aortic 
vV 

Kenneth M. Weesner 
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LEE E ad Ss a AEA EE A RD BOs: ee en i 
Changes in Myocardial Ischemic Threshold During Daily Ì 
Activities j 
Shmuel Banai, Mady Moriel, Jesaia Benhorin, Alex Gavish, Shlomo Stern, 
and Dan Tzivoni 


Changes in myocardial ischemic threshold (heart rate at the onset of i 
ischemic episodes) were assessed in 80 patients with known coronary 
artery disease and with ischemic changes during daily activities as record- 
ed by ambulatory electrocardiographic monitoring. Variability in isch- 3 
emic threshold increased with the number of ischemic episodes (range 2 to ` 
60%). However, in different patients with a similar number of ischemic i 
episodes, different variability was observed. These differences in ischemic 
threshold probably represent the vasomotor activity of the coronary arter- i 
ies in different patients. The highest ischemic threshold during daily J 
activities was similar to the ischemic threshold during exercise and proba- 4 
bly represents an impairment in coronary blood flow due to a fixed coro- d 
nary lesion, whereas the lowest ischemic threshold probably represents the 
reduction in flow due to increased coronary tonus. 3 


LEE e PAO E WIPER AA EEN Oe UA E EATS A ARA AED | 
Changes in Standard Electrocardiographic ST-Segment | 
Elevation Predictive of Successful Reperfusion in Acute | 
Myocardial Infarction , 
Peter Clemmensen, E. Magnus Ohman, Dorina C. Sevilla, Steve Peck, 
Nancy B. Wagner, Peter S. Quigley, Peer Grande, Kerry L. Lee, and H 
Galen S. Wagner 


This study compared the sum of ST-segment elevation in the standard 
electrocardiogram on admission and before acute cardiac catheterization 
in 53 patients to examine which amount of ST change best predicted A 
infarct artery reperfusion. After thrombolytic therapy, 33 patients had | 
successful reperfusion and 20 patients had occluded infarct arteries. Lo- | 
gistic regression analysis showed that the proportional value for the shift in | 
the sum of ST elevation was a stronger predictor of reperfusion than the / 
absolute difference measured in millimeters (chi-square = 11.34). Investi- 3 
gation of the entire spectra of sensitivities and specificities revealed that a | 
decrease of 20% in ST elevation provided a diagnostic test with simulta- 4 
neous high sensitivity, specificity (88 and 80%, respectively) and positive 4 
predictive value (88%). These results confirm the usefulness of the stan- 
dard electrocardiographic ST segment as a noninvasive predictor of reper- j 
fusion. | 
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Effect of Heparin on Coronary Arterial Patency After 

Thrombolysis with Tissue Plasminogen Activator in Acute 

Myocardial Infarction à 
Stanley D. Bleich, Timothy C. Nichols, Richard R. Schumacher, David H. 

Cooke, David A. Tate, and Sam L. Teichman 


The contribution of heparin to efficacy and safety after thrombolysis with 
recombinant tissue-type plasminogen activator (rt-PA) is unknown. In 
this pilot study, 84 patients with acute myocardial infarction received the 
standard dose of 100 mg of rt-PA over 3 hours and 42 of these were 
immediately administered intravenous heparin anticoagulation. Coronary 
angiography at a mean of 57 hours after rt-PA therapy revealed infarct 
artery patency rates of 71 and 43%, in anticoagulated and control patients, 
respectively (p = 0.015). Recurrent ischemia or infarction, or both, oc- 
curred in 3 (7.1%) anticoagulated patients and in 5 (11.9%) control 
patients (difference not significant). Mild, moderate and severe bleeding 
occurred in 52, 10 and 2% of the anticoagulated group, respectively, and in 
34, 2 and 0% of control patients, respectively (p = 0.006). After rt-PA 
therapy for acute myocardial infarction, anticoagulation is associated with 
substantially higher coronary patency rates 2 to 3 days after thrombolysis 
but is accompanied by an increase in minor bleeding complications. 
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Usefulness of a Pericardial Friction Rub After Thrombolytic 

i Therapy During Acute Myocardial Infarction in Predicting 

> Amount of Myocardial Damage 

S Thomas C. Wall, Robert M. Califf, Lynn Harrelson-Woodlief, Daniel B. 
Mark, Michael Honan, Charles W. Abbotsmith, Richard Candela, Eric 
Berrios, Harry R. Phillips, Eric J. Topol, and the TAMI Study Group 


To evaluate the clinical incidence and outcomes of patients who developed 
a pericardial friction rub after receiving thrombolytic therapy for acute 
d myocardial infarction, 810 patients were prospectively studied. Only 5% 
G of all patients developed clinical pericarditis. Patients with a pericardial 
rub experienced more severe myocardial damage with significantly worse ~ 
global and regional wall left ventricular function. Mortality was higher in 
: patients with a rub (15%) compared with those without this complication 
(6%). No patient with a pericardial rub developed cardiac tamponade 
during hospitalization. Although the incidence of clinical pericarditis in 
P this setting is low (5%), patients with this complication have more exten- 
| sive myocardial damage and a higher in-hospital mortality, but do not 
develop cardiac tamponade. 


1422 

Determinants and Significance of Diltiazem Plasma 
Concentrations After Acute Myocardial Infarction 

Stanley Nattel, Mario Talajic, Robert E. Goldstein, John McCans, and The 
Multicenter Diltiazem Postinfarction Trial Research Group 


The determinants of diltiazem concentrations and their clinical conse- 
quences were evaluated, using 1,975 plasma drug concentrations from 
1,067 patients measured in the Multicenter Diltiazem Postinfarction Tri- 
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al. Diltiazem concentrations were significantly affected by the drug dose 
taken, time from the last dose, patient age and height, and the presence of 
left ventricular dysfunction as indicated by radiologic evidence of pulmo- 
nary edema. Total body weight and dose prescribed were not important 
determinants of drug concentration. Diltiazem concentrations were highly 
significant determinants of diastolic arterial pressure (p <10~°), of the 
occurrence of atrioventricular block (p = 0.02), and of the need for 
temporary pacemaker therapy (p = 0.02). This study suggests that diltia- 
zem’s effects depend on plasma concentrations of the drug, and that 
consideration of patient age, size and left ventricular function may allow 
for effective therapy with a reduced risk of adverse effects. 


E EE eS a E 
Prehospital Thrombolysis in Acute Myocardial Infarction 
Joachim Schofer, Jochen Büttner, Gabriele Geng, Klaus Gutschmidt, 
Hans N. Herden, Detlef G. Mathey, Heinz P. Moecke, Peter Polster, 
Alexander Raftopoulo, Florence H. Sheehan, and Peter Voelz 


The benefit and risk of prehospital thrombolysis for acute myocardial 
infarction were evaluated in a double-blind randomized trial. Patients 
presenting <4 hours after symptom onset received 2 million units of 
urokinase as an intravenous bolus either before (group A, n = 40) or after 
(group B, n = 38) hospital admission. The mean time to thrombolytic 
therapy was 85 + 51 minutes in group A and 137 + 50 minutes in group B 
(p <0.0005). Complication rates were low in both groups. Global left 
ventricular function and regional wall motion and peak creatine kinase 
were similar in groups A and B. Prehospital thrombolysis using a bolus 
injection of urokinase has a low risk when performed by a trained physi- 
cian with a mobile care unit. The saving of 45 minutes in the early stage of 
an acute infarction through prehospital thrombolysis did not appear to be 
important for salvage of myocardial function. 


tn LTE e ea ee E be: Zeie 
Acute Myocardial Infarction and Chest Pain Syndromes After 
Cocaine Use 

Mahesh Amin, Gary Gabelman, Jill Karpel, and Peter Buttrick 


Seventy patients hospitalized with chest pain after cocaine use were retro- 
spectively evaluated to define the risk and clinical course of acute myocar- 
dial infarction (AMI). AMI developed in 31% and transient myocardial 
ischemia was seen in an additional 13%. Coronary risk factors did not 
distinguish those who developed AMI from those who did not. The pre- 
senting electrocardiogram was abnormal in 20 of 22 patients who evolved 
AMI and in 19 of 48 of those who did not. Creatine kinase levels were 
elevated in 75% of the patients, including 65% of those who did not evolve 
AML, but creatine kinase-MB elevations were only observed in the AMI 
group. The route of cocaine administration did not predict AMI and there 
was no predilection for a particular coronary vascular bed to be involved. 
The length of time between drug use and onset of AMI pain was often 
quite prolonged (median interval, 19 hours in the AMI group vs 1 hour in 
the non-AMI group). Eight of the AMI patients underwent cardiac cathe- 
terization and 4 had significant coronary stenoses. None of the patients 
died during their hospitalization. 


Continued on page A19 
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Comparison of Thallium-201 and Technetium-99m Hexakis 2- a 

Methoxyisobutyl Isonitrile Single-Photon Emission Computed á 

e Tomography for Estimating the Extent of Myocardial Ischemia d 


and Infarction in Coronary Artery Disease 
Kenneth A. Narahara, Javier Villanueva-Meyer, Craig J. Thompson, 
Marianne Brizendine, and Ismael Mena 


Stress single-photon emission computed tomography (SPECT) using 
thallium-201 (TI-201) was compared with technetium-99m hexakis 2- : 
methoxyisobutyl isonitrile (Tc-99m MIBI). An automated method was i 
used to determine normal and hypoperfused left ventricular mass. Deter- 
mination of total left ventricular mass was similar for both stress /redistri- 
bution T1-201 and stress /rest Tc-99m MIBI images. The mean defect size 
in the redistribution Tl-201 images was 32 + 34.7 and 33 + 38.4 g in the 
resting Tc-99m MIBI studies (difference not significant). Individual de- 
terminations of defect mass were highly correlated (r = 0.93). Defect size 
estimated from the stress Tl-201 images was 52 + 46.2 g, significantly 

d larger than the exercise Tc-99m MIBI estimates of defect mass (42 + 39.9 
g; p <0.05). Stress Tc-99m MIBI defect sizes defined by visual interpreta- 
tion or the use of isocount analysis may be smaller than those obtained 
with stress Tl-201 SPECT. 


yg nt eC eer e, CO Sa DUE ME ED ET Alar PURE EE 
Recanalization of Chronic Total Coronary Arterial Occlusions 
by Percutaneous Excimer-Laser and Laser-Assisted 
Angioplasty 

Gerald S. Werner, Arnd Buchwald, Christina Unterberg, Eberhard Voth, 
Heinrich Kreuzer, and Volker Wiegand 


In 39 patients with a chronic coronary occlusion (duration 1 to 12 
months), recanalization was attempted by excimer laser angioplasty. A 
concentric multifiber catheter was used, guided by a central wire. After 
passing the occlusion by a wire in 27 patients (69%), the laser catheter 
could be advanced across the occlusion in 25 patients (64% ). If the residu- a 

d al stenosis exceeded 50%, laser was followed by additional balloon angio- | 
plasty. The residual stenosis after laser was 61 + 17% vessel diameter, and 
after balloon angioplasty 28 + 9% (n = 19), whereas with stand-alone 
laser angioplasty it was 38 + 5% (n = 6). No complications associated d 
with the laser application were observed. Angiographic control after 24 $ 
hours showed reocclusion of 2 (8%) recanalized vessels. Laser angioplasty 
for the treatment of chronic total coronary occlusions proved to be safe and 
feasible. The primary success was limited by the need for a successful 
passage of the wire. The limited size of the achieved lumen required 
additional balloon angioplasty in 76% of cases. 
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Prevalence and Prognostic Significance of Exercise-induced 
Ventricular Arrhythmias After Coronary Artery Bypass 
Grafting 

Sinikka Yli-Mayry, Heikki V. Huikuri, Ulla R. Korhonen, K.E. Juhani 
Airaksinen, Markku J. Ikäheimo, Markku K. Linnaluoto, and 

Juha T. Takkunen 


We prospectively followed up 200 patients examined by exercise electro- 
cardiography and cardiac catheterization before and 3 months after coro- 
nary artery bypass grafting (CABG). Exercise-induced ventricular ar- 
rhythmias occurred more often after (49 of 200 patients, 24.5%) than 
before (32 of 200 patients, 16.0%) CABG (p <0.05). There were no 
differences between the patients with and without ventricular arrhythmias 
in the prevalence of graft patency or the postoperative ejection fraction. 
Ten cardiac deaths occurred during the mean follow-up time of 61 + 19 
months, 8 of which were witnessed sudden cardiac deaths. All the cardiac 
deaths occurred in patients who did not have exercise-induced ventricular 
arrhythmias after CABG. The postoperative ejection fraction was lower in 
the cardiac death patients (42 + 16%) than in the survivors (58 + 10%) (p 
<0.01). No other clinical or angiographic variable predicted the occur- 
rence of cardiac death. 


1455 


Temporal Relation Between Left Ventricular Dysfunction and 


Chest Pain in Coronary Artery Disease During Activities of 
Daily Living 

Junichi Taki, Tsunehiro Yasuda, Nagara Tamaki, Scott D. Flamm, Adolph 
Hutter, Herman K. Gold, Robert Leinbach, and H. William Strauss 


This study determined the incidence and temporal sequence of left ventric- 
ular (LV) dysfunction, ST-segment depression and chest pain in 43 pa- 
tients with angiographically documented coronary artery disease. LV 
function and electrocardiographic changes were monitored for 2.9 + 1.9 
hours using an ambulatory LV monitoring device. In 11 patients, 22 
episodes of chest pain, or ST-segment depression, or both, were observed. 
Eighteen episodes were accompanied by a decrease in ejection fraction (9 
patients). In 13 episodes, chest pain was accompanied by a decrease in 
ejection fraction, whereas ST-segment changes occurred only in 7 epi- 
sodes. In 12 of the 13 episodes, the decrease in ejection fraction began 56 + 
41 seconds earlier than the onset of chest pain. The average delay from 
chest pain to ST-segment depression was 99 + 91 seconds. These data 
suggest that LV dysfunction manifested by a decrease in ejection fraction 
precedes angina pectoris or electrocardiographic evidence of myocardial 
ischemia. 
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Recanalization of Chronic, Totally Occluded Coronary Arteries 


by New Angioplasty Systems 
Christian W. Hamm, Wolfram Kupper, Karl-Heinz Kuck, Dirk Hofmann, 
and Walter Bleifeld 


We evaluated new angioplasty devices in 154 consecutive patients with 
chronic total occlusions. The protocol followed a stepwise design: first, 
Continued on page A24 
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INDICATIONS AND USAGE: EMINASE® ANISTREP- 
LASE, is indicated for use in the management 
of acute myocardial infarction (AMI) in adults, 
for the lysis of thrombi obstructing coronary 
arteries, the reduction of infarct size, the im- 
provement of ventricular function following 
AMI, and the reduction of mortality associated 
with AMI. Treatment should be initiated as soon 
as possible after the onset of AMI symptoms 
{see CLINICAL PHARMACOLOGY). 
CONTRAINDICATIONS: Because thrombolytic ther- 
apy increases the risk of bleeding, EMINASE® 
is contraindicated in the following situations: ® active internal bleeding ® history of cerebrovascular accident m 
recent (within 2 months) intracranial or intraspinal surgery or trauma {see WARNINGS) = intracranial neoplasm, 
arteriovenous malformation, or aneurysm = known bleeding diathesis = severe, uncontrolled hypertension. EMINASE® 
should not be administered to patients having experienced severe allergic reactions to either this product or Streptokinase. 
WARNINGS: Bleeding: (See ADVERSE REACTIONS) The most common complication associated with EMINASE® therapy is 
bleeding. The types of bleeding associated with thrombolytic therapy can be divided into two broad categories: 
1. Internal bleeding involving the gastrointestinal tract, genitourinary tract, retroperitoneal, ocular, or intracranial sites. 
2. Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., venous cutdowns, arterial 
punctures, sites of recent surgical intervention). The concomitant use of heparin anticoagulation may contribute to 
the bleeding. Some of the hemorrhagic episodes occurred one or more days after the effects of EMINASE® had 
dissipated, but while heparin therapy was continuing. As fibrin is lysed during EMINASE® therapy, bleeding from 
recent puncture sites may occur. Therefore, thrombolytic therapy requires careful attention to all potential bleeding 
sites {including catheter insertion sites, arterial and venous puncture sites, cutdown sites, and needle puncture sites). 
intramuscular injections and nonessential handling of the patient should be avoided during treatment with 
EMINASE® Venipunctures should be performed carefully and only as required. Should an arterial puncture be 
necessary following administration of EMINASE®, it is preferable to use an upper-extremity vessel that is accessible 
to manual compression. A pressure dressing should be applied, and the puncture site should be checked frequently 
for evidence of bleeding. Each patient being considered for therapy with EMINASE® should be carefully evaluated 
and anticipated benefits should be weighed against potential risks associated with therapy. In the following condi- 
tions, the risks of EMINASE* therapy may be increased and should be weighed against the anticipated benefits: 
= recent (within 10 days) major surgery (e.g., coronary artery bypass graft, obstetrical delivery, organ biopsy, 
previous puncture of non-compressible vessels) ® cerebrovascular disease ™ recent gastrointestinal or genito- 
urinary bleeding (within 10 days) = recent trauma (within 10 days) including cardiopulmonary resuscitation ™ hyper- 
tension: systolic BP >180 mmHg and/or diastolic BP >110 mmHg = high likelihood of left heart thrombus en, mitral 
stenosis with atrial fibrillation) æ subacute bacterial endocarditis = acute pericarditis = hemostatic defects including 
those secondary to severe hepatic or renal disease ™ pregnancy ® age >75 years (Use of EMINASE® in patients 
over 75 years old has not been adequately studied.) = diabetic hemorrhagic retinopathy or other hemorrhagic 
ophthalmic conditions ™ septic thrombophlebitis or occluded AV cannula at seriously infected site ® patients 
currently receiving oral anticoagulants (e.g., warfarin sodium) = any other condition in which bleeding constitutes 
a significant hazard or would be particularly difficult to manage because of its location. 


Arrhythmias: Coronary thrombolysis may result in arrhythmias associated with reperfusion. These arrhythmias 
(such as sinus bradycardia, accelerated idioventricular rhythm, ventricular premature depolarizations, ventricular 
tachycardia) are not different from those often seen in the ordinary course of acute myocardial infarction and may 
be managed with standard antiarrhythmic measures. It is recommended that antiarrhythmic therapy for bradycardia 
and/or ventricular irritability be available when injections of EMINASE* are administered. 

Hypotension: Hypotension, sometimes severe, not secondary to bleeding or anaphylaxis, has occasionally been 
observed soon after intravenous EMINASE® administration. Patients should be monitored closely and, should 
symptomatic or alarming hypotension occur, appropriate symptomatic treatment should be administered. 


PRECAUTIONS: General: Standard management of myocardial infarction should be implemented concomitantly with 
EMINASE® treatment. Invasive procedures should be minimized (see WARNINGS). Anaphylactoid reactions have rarely 
been reported in patients who received EMINASE®. Accordingly, adequate treatment provisions such as epinephrine 
should be available for immediate use. 


- Readministration: Because of the increased likelihood of resistance due to antistreptokinase antibody, EMINASE* may 


not be as effective if administered more than 5 days after prior EMINASE® or Streptokinase therapy or streptococcal 
infection, particularly between 5 days and 6 months. Increased antistreptokinase antibody levels between 5 days 
and 6 months after EMINASE® or Streptokinase administration may also increase the risk of allergic reactions. 
Repeated administration of EMINASE* within one week of the initial dose has occurred in a small number of patients 
treated for AMI and non-AMI conditions. The incidence of hematomas/bruising was somewhat greater in those 
patients who received repeat doses of EMINASE® but otherwise the adverse event profile was similar to those who 
received one dose. 


Laboratory Tests: intravenous administration of EMINASE® will cause marked decreases in plasminogen and fibrinogen 
and increases in thrombin time (TT), activated partial thromboplastin time (APTT), and prothrombin time (PT). 
Results of coagulation tests and/or measures of fibrinolytic activity performed during EMINASE® therapy may be 
unreliable unless specific precautions are taken to prevent in vitro artifacts. EMINASE®, when present in blood in 
pharmacologic concentrations, remains active under in vitro conditions. This can lead to degradation of fibrinogen 
in blood samples removed for analysis. Collection of blood samples in the presence of aprotinin (2000 to 3000 
KIU/mL) can, to some extent, mitigate this phenomenon. 


Drug Interactions: The interaction of EMINASE® with other cardioactive drugs has not been studied. In addition to 
bleeding associated with heparin and vitamin K antagonists, drugs that alter platelet function (such as aspirin and 
dipyridamole) may increase the risk of bleeding if administered prior to EMINASE® therapy. 


Use of Anticoagulants: EMINASE® alone or in combination with antiplatelet agents and anticoagulants may cause 
bleeding complications. Therefore, careful monitoring is advised, especially at arterial puncture sites. In clinical 
studies, a majority of patients treated received anticoagulant therapy postdosing with EMINASE® during their hospital 
stay and a minority received heparin pretreatment with EMINASE*. The use of antiplatelet agents increased the inci- 
dence of bleeding events similarly in patients treated with EMINASE® or nonthrombolytic therapy. There was no 
evidence of a synergistic effect of combined EMINASE® and antiplatelet agents on bleeding events. In addition, 
there was no difference in the incidence of hemorrhagic CVA's in EMINASE® treated patients who did or did not 
receive aspirin. 

, Mutagenesis, Impairment of Fertility: Long-term studies in animals have not been performed to evaluate 
the carcinogenic potential or the effect on fertility. Studies to determine mutagenicity and chromosomal aberration 
assays in human lymphocytes were negative at all concentrations tested. 
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Pregnancy {Category C): Animal reproduction studies have not been conducted with EMINASE®: It is also not known = 


whether EMINASE® can cause fetal harm when administered to a pregnant woman or can affect reproduction 
capacity. EMINASE® should be given to a pregnant woman only if clearly needed. 

Nursing Mothers: It is not known whether EMINASE® is excreted in human milk. Because many drugs are excreted 
in human milk, the physician should decide whether the patient should discontinue nursing or not receive EMINASE®. 
Pediatric Use: Safety and effectiveness of EMINASE® in children have not been established. 

ADVERSE REACTIONS: Bleeding: The incidence of bleeding (major or minor) varied widely from study to study and may 
depend on the use of arterial catheterization and other invasive procedures, patient population, and/or concomitant 
therapy. The overall incidence of bleeding in patients treated with EMINASE® in clinical trials (n=5275) was 14.6%, 
with nonpuncture-site bleeding occurring in 10.2%, and puncture-site bleeding occurring in 5.7%, of these patients. 
Bleeding at the puncture site occurred more frequently in clinical trials in which the patients underwent immediate 
coronary catheterization (13.3%, n=637) compared with those who did not (3.0%, n=2023). The incidence of 
presumed intracranial bleeding within 7 days postdosing with EMINASE® was 0.57% (n=5275; 0.34% etiology 
confirmed hemorrhagic; 0.23% etiology not confirmed) compared to 0.16% (n=1249) after nonthrombolytic therapy. 
in the AIMS trial the overall incidence of bleeding in patients treated with EMINASE® was 14.8% compared with 
3.8% for placebo. The incidence of specific bleeding events was: 


EMINASE® Placebo 
Type of Bleeding (n=500) (n=501) 
Puncture site 4.6% <1% 
Nonpuncture site hematoma 2.8% <1% 
Hematuria/Genitourinary 2.4% <1% 
Hemoptysis 2.2% <1% 
Gastrointestinal hemorrhage 2.0% 1.4% 
Intracranial 1.0% <1% 
Gum/Mouth Hemorrhage 1.0% 0 
Epistaxis <1% <1% 
Anemia <1% <1% 
Eye Hemorrhage <1% <1% 
Hemorrhage (unspecified) <1% 0 


In this study there was no difference between EMINASE® and placebo in the incidence of major bleeding events. 
Should serious bleeding (not controlled by local pressure) occur in a critical location (intracranial, gastrointestinal, 
retroperitoneal, pericardial), any concomitant heparin should be terminated immediately and the administration of 
protamine to reverse heparinization should be considered. If necessary, the bleeding tendency can be reversed with 
appropriate replacement therapy. Minor bleeding can be anticipated mainly at invaded or disturbed sites. If such 
bleeding occurs, local measures should be taken to control the bleeding (see WARNINGS). 


Cardiovascular: The most frequently reported adverse experiences in EMINASE® clinical trials (n=5275) were 

arrhythmia/conduction disorders which were reported in 38% of patients treated with EMINASE® and 46% of 

nonthrombolytic control patients. Hypotension occurred in 10.4% of patients treated with EMINASE® compared to 

7.9% for patients who received nonthrombolytic treatment (see WARNINGS). 

Allergic-type Reactions: Anaphylactic and anaphylactoid reactions have been observed rarely (0.2%) in patients 

treated with EMINASE® and are similar in incidence to Streptokinase (0.1% anaphylactic shock in one study). 
These included symptoms such as bronchospasm or angioedema. Other milder or delayed effects such as urticaria, 
itching, flushing, rashes, and eosinophilia have been occasionally observed. A delayed purpuric rash appearing 

one to two weeks after treatment has been reported in 0.3% of patients. The rash may also be associated with 

arthralgia, ankle edema, gastrointestinal symptoms, mild hematuria, and mild proteinuria. This syndrome was 

self-limiting and without long-term sequelae. 

Risk of Viral Transmission: Six batches of EMINASE® (five different batches of Lys-Plasminogen) were used in clinical 

trials designed specifically to monitor possible hepatitis non-A, non-B transmission. No case of hepatitis was 

diagnosed in patients receiving EMINASE®. Lys-Plasminogen is derived from human plasma obtained from FDA 

approved sources and tested for absence of viral contamination, including human immunodeficiency virus type-1 

(HIV-1) and hepatitis B surface antigen. The manufacturing process includes a vapor-heat treatment step for inacti- 
vation of viruses. The entire manufacturing process has also been validated to yield a cumulative reduction of 

>10” fold HIV-1 infectious particles, Le. >10° infectious particles removed by vapor-heat treatment and a cumu- 
lative total of >10" infectious particles removed by the various steps in the purification process. 

Causal Relationship Unknown: Since the following experiences may also be associated with AMI or other therapy, the 

causal relationship to EMINASE* administration is unknown. The following adverse experiences were infrequently 

(<10%) reported in clinical trials: Body as a Whole—chills, fever, headache, shock; Cardiovascular—cardiac rupture, 
chest pain, emboli; Dermatology—purpura, sweating; Gastrointestinal—nausea and/or vomiting; Hemic and Lymphatic— 

thrombocytopenia; Metabolic and Nutritional—elevated transaminase levels; Musculoskeletal—arthralgia; Nervous— 

agitation, dizziness, paresthesia, tremor, vertigo; Respiratory—dyspnea, lung edema. 

DOSAGE AND ADMINISTRATION: Administer EMINASE* as soon as possible after the onset of symptoms. The recommended 

dose is 30 units of EMINASE® administered only by intravenous injection over 2 to 5 minutes into an intravenous 

line or vein. 


Reconstitution: 1. Slowly add 5 mL of Sterile Water for Injection, U.S.P, by directing the stream of fluid against the 
side of the vial. 2. Gently roll the vial, mixing the dry powder and fluid. Do not shake. Try to minimize foaming. 3. The 
reconstituted preparation is a colorless to pale yellow transparent solution. Before administration, the product should 
be visually inspected for particulate matter and discoloration. 4. Withdraw the entire contents of the vial. 5. The 
reconstituted solution should not be further diluted before administration or added to any infusion fluids. No other 
medications should be added to the vial or syringe containing EMINASE®. 6. If EMINASE® is not administered within 
30 minutes of reconstitution, it should be discarded. 


HOW SUPPLIED: EMINASE® is supplied as a sterile, lyophilized powder in 30-unit vials. NDC 57294-030-20. 


Storage: Store lyophilized EMINASE* between 2-8°C (36-46°F). Do not use beyond the expiration date printed 
on the vial. 


5. in-hospital reocclusion data adapted from Anderson JL, Hackworthy RA, Sorensen SG, et al. Comparison 
of intravenous anistreplase (APSAC) and streptokinase in acute myocardial infarction: interim report of a 
randomized, double-blind patency study. Circulation. 1989;80(Suppy Il):420. 


6. Forty-eight-hour reocclusion. Jackson D Summary of early clinical experience with anisoylated plasmin- 


ogen streptokinase activator complex in the treatment of acute myocardial infarction. Drugs. 1987;33 
(Suppl 3):104-111. 

7. Bassand JP. Cassagnes J, Machecourt J, et al. A multicenter trial of intravenous APSAC versus MPA in 
acute myocardial infarction: assessment of efficacy and safety. J Am Coll Cardiol. 1990;15:64A. 
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conventional guidewires and low-profile balloons were used, followed by 
“balloon-on-the-wire” systems (Probe™, Ace™) or by a shaft-enforced, 
tip-deflecting catheter (Omniflex™). In 97 patients with occlusions of 2 to 
12 weeks’ duration, recanalization was achieved in 51 patients (53%) with 
the conventional approach and in 29 patients with the new devices, raising 
the success rate to 82%. In 57 occlusions of >12 weeks’ duration, the 
recanalization attempt was successful in 58%, mediated in 16 patients 
(28%) by the Omniflex catheter. There were no life-threatening complica- 
tions and only 1 emergency bypass operation was necessary (0.6%). New 
angioplasty devices are therefore of considerable value in the attempt to 
improve the results of coronary angioplasty in chronic total occlusions. 
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Low-Dose Aspirin Versus Anticoagulants for Prevention of 
Coronary Graft Occlusion 

Michael A. J. Weber, Joerg Hasford, Claude Taillens, Alexander Zitzmann, 
Georg Hahalis, Herbert Seggewiss, Axel F. Langbehn, Dieter Fassbender, 
Rainer Buchwalsky, Karl Theisen, and Eric Hauf 


The prevention of graft occlusion by aspirin (100 mg/day) or heparin 
followed by phenprocoumon was investigated in a randomized trial in 235 
patients after aortocoronary bypass operation. Aspirin treatment was be- 
gun 24 hours before, and heparin 6 hours and phenprocoumon 2 days after 
surgery. The results of the vein graft angiography and the clinical outcome 
81 days postoperatively did not differ: 22% of 218 vein graft distal anasto- 
moses in the aspirin group and 20% of 272 in the anticoagulant group were 
occluded. At least 1 occluded distal anastomosis was present in 38% of 74 
patients in the aspirin-treated group and in 39% of 86 patients in the 
anticoagulant group. Because occlusion rates were equal but high with 
both drug regimens in these patients with advanced stage of coronary 
artery disease, a combination of low-dose aspirin and anticoagulation 
should be investigated to reduce graft occlusion rates further. 


SYSTEMIC HYPERTENSION 


SC Ae e SO, CIRE ae ee, EE Oe 
Arterial Vasodilator Effects of the Dihydropyridine Calcium 
Antagonist Amlodipine Alone and in Combination with 
Verapamil in Systemic Hypertension 

Wolfgang Kiowski, Paul Erne, Lilly Linder, and Fritz Rolf Buhler 


The arterial vasodilator properties of the dihydropyridine calcium antago- 
nist amlodipine were compared with the vascular effects of sodium nitro- 
prusside and with the combined infusion of amlodipine and the nondihy- 
dropyridine calcium antagonist verapamil im 8 untreated patients with 
primary hypertension. Forearm blood flow increased dose dependently 
during graded brachial artery amlodipine infusions by a maximum of 
687%, whereas sodium nitroprusside resulted in an increase of 449%. 
Combined infusion of amlodipine and verapamil, 44.5 and 40 ug /min / 
100 ml, respectively, caused an additional significant increase of forearm 
blood flow above the level seen with amlodipine alone (34.4 vs 23.6 ml/ 


Continued on page A26 
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Current literature cannot keep up with today’s 
rapid-paced development in endovascular techniques. 
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min/100 ml). The precise mechanisms behind this finding have yet to be 
elucidated, and its clinical relevance for the treatment of ischemic heart 
disease and hypertension needs further study. 


CARDIOMYOPATHY 


gt MOSSE D E RA PD RE Seale, Bs TPS Wer, US| 
Left Ventricular Filling Impairment in Asymptomatic Chronic 
Alcoholics 

Markku Kupari, Pekka Koskinen, Antti Suokas, and Markku Ventila 


We used M-mode and Doppler echocardiography to study left ventricular 
size, mass, systolic function and diastolic filling in 32 alcoholics free of 
heart disease and in 15 healthy control subjects. Compared with control 
subjects, alcoholics had a higher wall thickness and mass of the left 
ventricle but there was no difference in end-diastolic diameter index or in 
fractional shortening. However, alcoholics had a prolonged relaxation 
time, lower peak velocity and acceleration of the early flow and higher 
atrial-to-early peak velocity ratio compared with control subjects. These 
findings suggest that an impairment of early diastolic filling due to delayed 
relaxation is an early sign of preclinical alcoholic cardiomyopathy. 


CONGENITAL HEART DISEASE 


1478 
Physiologic Peripheral Pulmonic Stenosis in Infancy 
Ricardo J. Rodriguez and Thomas W. Riggs 


Fourteen premature infants with the clinical diagnosis of peripheral pul- 
monic stenosis (PPS) and 15 normal full-term neonates were examined by 
Doppler echocardiography. The PPS group had smaller branch pulmo- 
nary artery (PA) diameters: right PA = 0.41 vs 0.50 cm, p <0.001, and 
left PA = 0.41 vs 0.49 cm, p <0.001. The PPS group also had greater peak 
velocities in the main PA (76 vs 63 cm/s, p <0.05), right PA (193 vs 118 
cm/s, p <0.001) and left PA (187 vs 123 cm/s, p <0.001). It is concluded 
that patients with PPS have mild underdevelopment of the PA branches, 
with consequent increased flow velocity and turbulent flow. 


1482 

Coronary Arteries in Truncus Arteriosus 

Maria V. de la Cruz, Raul Cayre, Paolo Angelini, Nicholas Noriega-Ramos, 
and Stanislaw Sadowinski 


The origin and distribution of the coronary arteries were described in 39 
autopsy specimens of truncus arteriosus. Specimens were classified ac- 
cording to the number and patterns of truncal cusps. The position of the 
truncal cusps was defined in relation to intracardiac structures, namely the 


Continued on page A29 
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atrioventricular orifices. Bicuspid truncal valves were observed in 8 cases 
(21%), tricuspid in 22 cases (56%) and quadricuspid in 9 cases (23%). All 
tricuspid valves had 2 anterior and | posterior cusp. Great variability in 

"e the origin of the coronary arteries was observed, with a tendency for the 
right coronary artery to arise from the anterior right quadrant, and for the 
left coronary artery to arise from the anterior left quadrant. Such a 
tendency was observed in 50% of the bicuspid, in 59% of the tricuspid and 
in 66% of the quadricuspid valves. The anterior surface of the right 
ventricle was crossed by a right coronary artery in 5 cases. A single 
coronary artery was observed in 7 cases (18%). 
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MISCELLANEOUS 


a tS OAR ee e oe eR YE Le eT EE eR 
Spectrum of Hemodynamic Changes in Cardiac Tamponade 
P. Sudhakar Reddy, Edward |. Curtiss, and Barry F. Uretsky 


d Hemodynamic observations in 77 patients with pericardial effusion indi- 
cate that the accumulation of pericardial fluid can be associated with 
increases in intrapericardial and intraventricular filling pressure, without 
equalization and without a significant decrease in cardiac output. Rising 
intrapericardial pressure then appears to equilibrate first with right ven- 
tricular filling and then with left ventricular filling pressures associated 
with a decrease in cardiac output. Exaggeration of the inspiratory de- 
crease in arterial systolic pressure progressively increases with increasing 
severity in hemodynamic changes. Thus, the hemodynamic changes in- 
duced by pericardial effusion are a continuum and cardiac tamponade is 
not an all-or-none phenomenon. 
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NEE ek E e Ee 
Transesophageal Echocardiography in Critically Ill Patients 

Jae K. Oh, James B. Seward, Bijoy K. Khandheria, Bernard J. Gersh, 
Christopher G.A. McGregor, William K. Freeman, Lawrence J. Sinak, and 
A. Jamil Tajik 


Transesophageal echocardiography was performed in 51 patients (28 men 
and 23 women, mean age 63 years) in the intensive care unit and no 
adverse effects were noted in 49 (96%) of them. The most frequent 
indication for transesophageal echocardiography was unexplained hemo- 
dynamic instability (25 patients, 49% ); other indications included evalua- 
tion of mitral regurgitation, endocarditis, aortic dissection and potential 
donor heart. In 30 patients (59%), transesophageal echocardiography 
identified cardiovascular problems that could not be clearly diagnosed by 
transthoracic echocardiography. Cardiac surgery was prompted by trans- 
esophageal echocardiographic findings in 12 patients (24%), and these 
findings were confirmed at operation in all cases. Thus, transesophageal 
echocardiography, a unique extension of the echocardiographic technique, 
is safe and has an expanding role in the management of critically ill 
patients suspected of having cardiovascular compromise. 
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HISTORICAL STUDY 


LU rg e eee ve i a eS EN ee 
The Developmental Phase of Modern Coronary Artery Surgery 8 
René Gerónimo Favaloro 


In this anecdotal history of a landmark era in the development of modern 
coronary artery surgery, the author reconstructs the Cleveland Clinic 
cardiovascular team’s contributions to myocardial revascularization, pay- 
ing special homage to the memory of his friend, Dr. Mason Sones. 


EDITORIALS 
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Atrial Isomerism in the Heterotaxy Syndromes with Asplenia, 

or Polysplenia, or Normally Formed Spleen: An Erroneous 

Concept y 
Richard Van Praagh and Stella Van Praagh 


a aE ebe ere ik) Nae eee 
Statistical Significance of Veterans Administration Vasodilator 
Heart Failure Trial Results 

Jay N. Cohn 


BRIEF REPORTS 


LEE EE, E a EE ENEE AA E ea 
Transient Electrocardiographic Changes of Elective Coronary 
Angioplasty Compared with Evolutionary Changes of 
Subsequent Acute Myocardial Infarction Observed with 
Continuous Three-Lead Monitoring 

Nancy B. Wagner, W. Jeffrey Elias, Mitchell W. Krucoff, Dorina C. Sevilla, 
Yvette R. Jackson, Kenneth K. Kent, and Galen S. Wagner 


1513 

Long-Term Clinical and Angiographic Follow-Up of 
Percutaneous Transluminal Coronary Angioplasty in Patients 
>65 Years of Age 

Carlos Macaya, Fernando Alfonso, Andres Iñiguez, and Pedro Zarco 


EE a E E RA E ME Eh, Ar o aire 
Insurance Reimbursement for Preventive Cardiology Services 
Diane Rosenbaum, Samuel S. Gidding, Lisa C. Bookstein, and Stephanie 
Weaver 


1 S y Gef dE CERES e Ke D Oar OTe ea Pe eae he Ne 
Prognostic Value of Junctional Recovery Times and Long-Time 
Follow-Up of Complete Atrioventricular Nodal Block at a 
Young Age 

Fernando E.S. Cruz, Roberto Bassan, Luis H. Loyola, Marcio Fagundes, 
Roberto M.S. Sa, Jacob Atié, Paulo Alves, and lvan G. Maia 
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Changes in Myocardial Ischemic Threshold 





During Daily Activities 


Shmuel Banai, MD, Mady Moriel, MD, Jesaia Benhorin, MD, Alex Gavish, MD, 
Shlomo Stern, MD, and Dan Tzivoni, MD 





This study assesses the variations in myocardial 
ischemic threshold (heart rate at the onset of isch- 
emia) during daily activities in patients with isch- 
emic episodes on Holter monitoring. Eighty patients 
with known coronary artery disease, positive tread- 
mill stress test results and >2 ischemic episodes 
during a 24-hour period of Holter monitoring were 
studied. The lowest and the highest ischemic 
thresholds were determined for each patient. The 
mean lowest ischemic threshold was 85 beats/min, 
and the mean highest ischemic threshold was 109 
beats/min. The highest ischemic threshold was 
identical to ischemic threshold values noted during 
exercise. 

Of the 895 ischemic episodes, 654 (74%) were 
preceded by a moderate (> 10%) increase in heart 
rate. 

The variability of ischemic threshold (difference 
in percentage between the highest and lowest isch- 
emic thresholds) increased with the number of isch- 
emic episodes (range 2 to 60%). However, in dif- 
ferent patients with a similar number of ischemic 
episodes, different variability was observed. These 
differences in ischemic thresholds are probably in- 
direct indicators of the vasomotor activity of the 
coronary arteries in different patients. 

(Am J Cardiol 1990;66:1403-1406) 
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sion develops in the same patient at similar 

heart rates.!,2 The presence of this constant and 
reproducible myocardial ischemic threshold can be ex- 
plained by a fixed coronary stenosis, which prevents an 
increase in coronary blood flow during exertion. During 
atrial pacing in patients with resting angina, Figueras et 
al? found that the ischemic threshold is not constant and 
that nocturnal ischemia appears at a lower heart rate. 
Several investigators*® demonstrated by Holter moni- 
toring during daily activities that, in the same patient, 
ischemic episodes developed at significantly lower heart 
rates than they did during exercise testing. However, 
the heart rate at which the ST depression developed 
during repeated ischemic episodes in the same patient 
was not investigated. In this study we measured varia- 
tions in the heart rate at the onset of ischemia (ischemic 
threshold) during different ischemic episodes in 80 pa- 
tients with coronary artery disease. 


D uring repeated exercise tests, ST-segment depres- 


METHODS 

Patients: A total of 395 patients with coronary ar- 
tery disease and positive stress test results were screened 
for this prospective study; 80 patients, who had 1 to 3 
days of Holter monitoring during daily activities, with a 
total monitoring period of 158 days, were found eligible. 
All patients had coronary artery disease diagnosed on 
the basis of either a prior myocardial infarction, angio- 
graphic evidence of significant coronary artery disease 
(>70% narrowing in =1 major coronary vessel), or typi- 
cal history of exertional angina; all patients had a posi- 
tive Bruce protocol treadmill test. Included were pa- 
tients who had 22 ischemic episodes on 24-hour ambu- 
latory electrocardiographic monitoring. Excluded from 
the study were patients with conduction disturbances, or 
abnormal ST segments on their resting electrocardio- 
gram, if this made the ST-segment analysis inaccurate. 
Patients with valvular heart disease, unstable angina 
pectoris or heart failure were also excluded. The mean 
age of the patients was 62 years (range 36 to 83). There 
were 69 men and 11 women; 20 had had a previous 
myocardial infarction =6 months before the study. For- 
ty-eight of the patients received antiischemic therapy 
during the monitoring period; 26 received 6 blockers, 24 
received nitrates and 20 received calcium antagonists. 
None of the patients was receiving digitalis. 

Ambulatory electrocardiographic monitoring: The 
CardioData Prodigy system, combined with a PDP 11/ 


THE AMERICAN JOURNAL OF CARDIOLOGY DECEMBER 15,1990 1403 


Se tee PL el a Ae RS 
wm? 2? 7 d 8 $ 








ye 4 wir pa "a N 
j Ta de 


E u aa a e 


73 computer, was used for the analysis of the magnetic 
tapes. ACS reel-to-reel 2-channel recorders were used. 
The electrodes were attached to the V3 and Vs-like posi- 
tions.’ 

A myocardial ischemic episode was defined as the 
transient depression of the ST segment of >1 mm, hori- 
zontal or downsloping, that lasted for >1 minute and 
then returned to baseline. The end of episodes was de- 
fined as the time of return to 1-mm ST depression. 

ST analysis was performed in both channels in a 
semiautomatic-interactive method. Any deviation de- 
tected from the isoelectric PR interval was displayed on 
the ST trend. Electrocardiographic samples were print- 
ed out in real time, 2 minutes before the onset of ST 
depression, at the onset of ischemia (1 mm of ST de- 
pression), at maximal ST depression, at maximal heart 
rate, and on return to the isoelectric line. Each episode 
was visually verified both from the ST trend and from 
the real-time printouts. The ST trend enabled us to de- 
tect changes in the ST level and to correlate them with 
changes in heart rates at intervals of 15 seconds. For 
each ischemic episode, we recorded the heart rate 2 
minutes before the onset of ischemia, at 1-mm ST de- 
pression and at its maximal rate during the episode. 

The ischemic threshold of each episode was defined 
as the heart rate at which 1-mm ST depression was ob- 
served. If a patient developed 1-mm ST depression dur- 
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FIGURE 1. Ischemic thresholds during daily activities (lowest 
and highest) and during exercise. NS = not significant. 
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ing different episodes at different heart rates, the lowest 
heart rate at which ischemia was recorded was regarded 
as the lowest ischemic threshold, whereas the highest 
ischemic threshold was defined as the highest heart rate 
at which 1-mm ST depression was observed during an- 
other episode. 

The percent variability of ischemic threshold in each 
patient was defined as the difference between the high- 
est (H) and the lowest (L) heart rate at the onset of 1- 
mm ST depression divided by the highest (H) ischemic 
threshold; that is, variability (%) = (H — L)/H X 
100%. 

Ischemic episodes were divided into those with an 
increase (>10%), a decrease (<10%), or no change in 
heart rate. 

Treadmill stress test: This test was performed ac- 
cording to the Bruce protocol within 2 weeks of Holter 
monitoring and while the patients were maintained on 
their medications. The stress test was performed on a 
Quinton Model 3000 with 12-lead electrocardiographic 
recordings. For each patient we recorded the exercise 
duration, the heart rate at 1-mm ST depression (isch- 
emic threshold during exercise), and the maximal heart 
rate achieved. 

Statistical analysis: The paired ¢ test was used for 
Statistical analysis of the data. 


RESULTS 

The 80 patients had a total of 895 myocardial isch- 
emic episodes during the 158 days of Holter monitoring. 
The number of ischemic episodes per patient ranged 
from 2 to 21 (mean 11.2). The average number of isch- 
emic episodes per day was 5.6. The total duration of 
ischemia in the whole group was 12,600 minutes (210 
hours). The total duration of ischemia per patient 
ranged from 7 to 803 minutes (mean 130.8 minutes). 
The duration of ischemia per day varied from 2 to 413 
minutes (average 65). The duration of an ischemic epi- 
sode varied from 1 to 125 minutes (average 12.5). Of 
the 895 ischemic episodes, 745 (83%) were silent and 
150 (17%) were symptomatic. 

Ischemic thresholds during daily activities: The low- 
est ischemic threshold ranged from 48 to 128 beats/min 
(average 85 + 17) (Figure 1). The highest ischemic 
threshold ranged from 79 to 151 beats/min (average 
110 + 19). All patients had ischemic episodes that 
started at a heart rate above the lowest ischemic thresh- 
old. 

The average ischemic threshold during treadmill 
Stress testing was 109 + 17 beats/min (range 80 to 
160). The ischemic threshold during exercise tests was 
statistically significantly higher than the lowest isch- 
emic threshold during daily activity (p <0.005) and was 
identical to the highest ischemic threshold during daily 
activities. 

In 29 (36%) of the 80 patients, the lowest ischemic 
threshold was below 80 beats/min. In 65 (81%) of the 
patients, the lowest ischemic threshold was below 100 
beats/min. 

Variability of ischemic threshold: The correlation 
between the number of ischemic episodes per patient 
and the variability of ischemic threshold is shown in 


EZ 


Figure 2. Patients with few episodes had less variability 
than patients with more frequent episodes. Patients with 
<10 episodes had an average of 17% variability, com- 
pared with 33% in patients with 210 episodes. How- 
ever, in different patients with a similar number of epi- 
sodes, a wide range of variability was observed. Up to 
10 to 15 episodes, the variability increased very steeply, 
with increase in the number of ischemic episodes; be- 
yond 15 episodes, further increase in the number of epi- 
sodes was associated with only slight increase in vari- 
ability. 

The effect of antiischemic medications on the vari- 
ability of ischemic threshold could not be assessed in 
this study, because the patients were not studied before 
the application of pharmaceutical therapy. The mean 
variability of patients not receiving medication (n = 32) 
was 21%; for those receiving 6 blockers (n = 10), calci- 
um antagonists (n = 7), and nitrates (n = 5), the mean 
variability was 19%, 23% and 18%, respectively. Other 
patients were receiving combination therapy. 

Heart rate and myocardial ischemia: All 80 patients 
had periods in which the heart rate during daily activity 
exceeded their lowest ischemic threshold, without devel- 
oping concomitant ischemic changes. 

Heart rate at the onset of ST depression was com- 
pared to the heart rate 2 minutes earlier: Of the 895 
ischemic episodes detected, 654 (74%) were accompa- 
nied by an increase in heart rate of 210%, compared 
with the heart rate 2 minutes before the onset of isch- 
emia. In 201 (22%) episodes, there was no change in 
heart rate. In 40 (4%) episodes, a decrease (<10%) in 
heart rate was noted. 


DISCUSSION 

We explored the dynamic nature of myocardial isch- 
emia in patients with coronary artery disease in 1976.° 
Patients were reported to have ischemic changes during 
routine daily activities with or without physical or emo- 
tional stress,?-!3 during cigarette smoking,'* exposure to 
cold!5 or even during sleep.!6 These ischemic episodes 
developed at lower heart rates than were noted during 


FIGURE 2. Correlation between number of 
ischemic episodes and variability of isch- 
emic threshold. 
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exercise testing, and they were attributed to dynamic 
changes in coronary tonus. The activity of coronary ar- 
tery disease varies markedly from patient to patient. We 
and others found a wide variability in the number and 
duration of ischemic episodes in different patients, and 
also in the same patients on different days, weeks or 
months. !7-18 

In this study of 80 patients with repeated ischemic 
episodes, we found that the ischemic threshold during 
daily activities was not constant. Contrary to previous 
studies, which measured only the lowest ischemic 
threshold,!7!8 in this investigation we measured the 
heart rate at the onset of all ischemic episodes in each 
patient. The average lowest ischemic threshold was 85 
beats/min, compared with 110 beats/min at the highest 
ischemic threshold (p <0.001). The mean highest isch- 
emic threshold was identical to the mean ischemic 
threshold during exercise testing in these patients. The 
highest ischemic threshold probably represents the con- 
dition where coronary blood flow is limited by the fixed 
stenosis and is therefore constant for the same patient 
during daily activities, as well as during exercise test- 
(ng LZ An ischemic threshold below the highest thresh- 
old found by us during daily activities in all patients 
studied can be attributed to the presence of different 
degrees of coronary tonus, which reduce coronary blood 
flow beyond that of the fixed stenosis. Twenty-nine 
(36%) of the 80 patients developed ischemic changes at 
heart rates below 80 beats/min and 81% developed 
changes at heart rates below 100 beats/min. In these 
patients who developed ischemic changes at a low heart 
rate, especially if the heart rate was significantly lower 
than the ischemic threshold during exercise, we assume 
that the main mechanism of myocardial ischemia is an 
increase in coronary tonus, in the presence of significant 
coronary artery disease. It is possible that, in some pa- 
tients, changes in blood pressure were responsible for 
the appearance of ST depression at different heart 
rates; this parameter, however, was not measured in this 
study. Other unknown factors may also play a role in 
changing the ischemic threshold. 
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The maximal variability of ischemic threshold was 

defined by us as the difference between the lowest and 

highest rates at which ischemic episodes developed in an 

individual patient. A wide variability in the ischemic 
threshold was found in our patients: Some had only 2 to 
3% variability, whereas, in others, the variability was as 
high as 60%. The difference in the variability of isch- 
emic threshold may represent different degrees of vaso- 
motor activity in various patients. One may speculate 
that, in patients with little variability in ischemic thresh- 
olds, the vasomotor component is not the major deter- 
minant in the development of myocardial ischemia and 
that their ischemia therefore depends mainly on an in- 
crease in oxygen demand. 

Patients with marked variability in ischemic thresh- 
old may have more dynamic changes in coronary tonus; 
therefore, it is expected that they will respond to vasodi- 
lators. In patients with few ischemic episodes, we found 
relatively low variability of the ischemic threshold; this 
may be due to less vasomotor activity. It is possible that, 
had these patients had more days of monitoring, the 
maximal variability of ischemic threshold would have 
been higher. However, even in patients with an identical 
number of ischemic episodes, extreme differences were 
found in their variability of ischemic threshold, clearly 
indicating that this variability is an inherent property of 
every patient. It seems that the variability of about 40% 
recorded in patients with >15 ischemic episodes is close 
to the maximal variability and that adding more epi- 
sodes will not increase the variability. Brown et al!’ 
stressed that, in patients with severe coronary artery dis- 
ease, even slight changes in a cross-sectional area can 
markedly reduce the coronary flow. This reduction in 
coronary flow can explain the reduced threshold of isch- 
emia found in our study. One can speculate that the 
adverse prognosis of patients with frequent ischemic 
episodes”? *3 may be related to increased coronary vaso- 
motor activity among patients with significant coronary 
artery disease. 

The mechanism of myocardial ischemia during daily 
activities in most patients is a combination of increased 
coronary tonus and increased oxygen demand; as in 
most of our patients, although the ischemic threshold 
was lower than that during exercise testing, a moderate 
increase in heart rate preceded ischemia in 74% of the 
episodes. All 80 patients had periods in which the heart 
rate during daily activities was faster than that at the 
lowest ischemic threshold, without developing ischemic 
changes. We assume that during these periods of in- 
crease in oxygen demand, the coronary tonus was re- 
duced; therefore, they did not develop ischemia. 

Our findings of up to 40% variability of ischemic 
threshold in patients with stable angina pectoris may 
not represent the variability in other groups of patients 
with unstable angina, variant angina, or postinfarction 
angina. Further studies are required to assess the vari- 
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ability of myocardial ischemic threshold in patients with 
each of these entities of coronary artery disease. 
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Changes in Standard Electrocardiographic 
ST-Segment Elevation Predictive of Successful 
Reperfusion in Acute Myocardial Infarction 


Peter Clemmensen, MD, E. Magnus Ohman, MB, Dorina C. Sevilla, MD, Steve Peck, MS, 
Nancy B. Wagner, BA, Peter S. Quigley, MB, Peer Grande, MD, PhD, 
Kerry L. Lee, PhD, and Galen S. Wagner, MD 


The ability of the electrocardiographic ST segment 
to predict successful reperfusion after thrombolytic 
therapy remains controversial. To evaluate whether 
angiographically determined reperfusion could be 
predicted from changes in ST-segment elevation, 
the sum of ST-segment elevation in affected leads 
of the electrocardiogram was compared before and 
after thrombolytic therapy in 53 patients with 
acute myocardial infarction (AMI). Reperfusion sta- 
tus of the infarct-related artery was determined an- 
giographically <8 hours from onset of symptoms. 
According to the Thrombolysis in Myocardial In- 
farction trial (TIMI) criteria, 33 patients had suc- 
cessful reperfusion (TIMI grade 2 to 3 flow) after 
thrombolytic therapy and 20 patients did not (TIMI 
grade 0 to 1 flow). Logistic multiple regression 
analysis showed that the proportional value for the 
shift in the sum of ST elevation, termed the “‘% ST 
change,” was more strongly associated with reper- 
fusion than the absolute measured difference in 
millimeters (chi-square = 11.34 vs 9.22). The en- 
tire spectra of sensitivities and specificities were 
determined to identify a level of the percent ST 
change with simultaneous high sensitivity and 
specificity. A 20% decrease in ST elevation provid- 
ed such a level (88% sensitivity, 80% specificity). 
The positive and negative predictive values of a 
20% decrease in ST elevation were 88 and 80%, 
respectively. These results suggest that a decrease 
of only 20% in the sum of ST elevation in the stan- 
dard electrocardiogram after thrombolytic therapy 
is a useful noninvasive predictor of reperfusion sta- 
tus in patients with evolving AMI. 

(Am J Cardiol 1990;66:1407-1411) 
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travenous thrombolytic therapy in patients with 

acute myocardial infarction (AMI) has led to a 
reduction in mortality.! The only direct diagnostic 
method to confirm myocardial reperfusion via the in- 
farct-related coronary artery is emergency cardiac cath- 
eterization, which despite inherent disadvantages re- 
mains the standard for determining reperfusion status. 
Noninvasive methods are therefore needed to determine 
the reperfusion status and guide the clinical decision re- 
garding cardiac catheterization. Patients with no reper- 
fusion could be identified and receive a rescue interven- 
tion aimed at AMI reperfusion. 

The standard 12-lead electrocardiogram is the only 
diagnostic test immediately available to the physician 
when making the clinical diagnosis of AMI. Detection 
of AMI reperfusion from quantitative changes in the 
electrocardiogram would provide an ideal noninvasive 
method. It has been established that the natural history 
of ST-segment resolution during AMI is altered by 
myocardial reperfusion.” Despite these findings con- 
troversy still exists about the clinical usefulness of the 
ST segment as a marker of reperfusion.?-!? This pro- 
spective study was designed to identify the quantitative 
serial changes in ST-segment elevation during attempt- 
ed thrombolysis that best predicts successful and unsuc- 
cessful AMI reperfusion. 


HE: and sustained myocardial reperfusion after in- 


METHODS 

Patient group: During an 8-month period, patients 
admitted to the Duke University interventional cardiac 
catheterization laboratory for evaluation of AMI were 
considered for the study. A total of 53 patients met the 
following inclusion criteria: (1) chest pain 230 minutes’ 
duration unresponsive to sublingual nitroglycerin thera- 
py, (2) no history of AMI or angioplasty within 48 
hours, (3) no left bundle branch block on the electrocar- 
diogram, (4) electrocardiographic evidence of epicardial 
injury defined as 20.1 mV of ST-segment elevation in 
>2 contiguous leads, and (5) cardiac catheterization 
performed within 8 hours of symptom onset. Most of 
the study patients had initially presented to a referring 
community hospital where thrombolytic therapy had 
been initiated. The patients were then transported by 
ambulance or helicopter to Duke University Medical 
Center and immediately taken to the interventional car- 
diac catheterization laboratory. 
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TABLE I Patient Characteristics 


Reperfused 
Group 1 
(n = 33) 










Nonreperfused 
Group 2 
(n = 20) 





























Age (range) 59 (35-79) 58 (32-79) 
Infarct coronary artery 

Left anterior descending 15 (46%) 12 (60%) 

Right 13 (39%) 6 (30%) 

Left circumflex 5 (15%) 2 (10%) 
Thrombolytic agent 

Tissue plasminogen activator 12 (37%) 8 (40%) 

Streptokinase 10 (30%) 3(15%) 

Urokinase 6 (18%) 3(15%) 

Tissue plasminogen activator 5 (15%) 1 (5%) 

+ urokinase 

None 0(0%) 5 (25%) 
Time to ST, 66 (27-112) 56 (38-111) 
Time to ST> 275 (238-335) 271 (210-308) 
Time to ST; to ST. 209 (77-371) 168 (58-365) 









Time = minutes from symptom onset. ST; and ST2 = admission and preangio- 
graphic electrocardiographic ST-segment measurements. 






Thrombolytic therapy: The pharmacologic thrombo- 
lytic therapy differed among the patients according to 
the different treatment protocols at the referring hospi- 
tals. The following thrombolytic agents were adminis- 
tered: tissue plasminogen activator in 20, streptokinase 
in 13, urokinase in 9, and a combination of urokinase 
and tissue plasminogen activator in 6; no thrombolytic 
therapy was given to 5 patients. 

Acute cardiac catheterization: The infarct-related 
artery was identified and visualized in multiple projec- 
tions by serial contrast injections. The angiograms were 
recorded and stored for later interpretation by 2 experi- 
enced observers who were not involved in the acute in- 
tervention procedures. Reperfusion of the infarct-relat- 
ed coronary artery was determined according to the 
classification of the Thrombolysis in Myocardial Infarc- 
tion trial (TIMI).'° The initial injection was used for 
analysis in this study because it represented the effect of 
the thrombolytic agent without the influence of repeat- 
ed contrast injections. 

Electrocardiographic analysis: The electrocardio- 
grams were obtained by 2 investigators who were not 
involved in the acute management of the patients. 
When multiple “admission” recordings were obtained 
before initiation of thrombolytic therapy the electrocar- 
diogram showing the maximal sum of ST-segment devi- 
ation was used in the subsequent analysis (GTA. A 
“pre-angiographic” electrocardiogram was obtained im- 
mediately (<5 minutes in all patients) before angio- 
graphic determination of the reperfusion status of the 
infarct artery (ST). ST-segment elevation was mea- 
sured to the nearest 0.05 mV at the J point in 11 of the 
12 electrocardiographic leads (aVR excluded). All elec- 
trocardiograms were read by 3 investigators who were 
blinded from the clinieal information. 

Data analysis: Patients with TIMI grades 2 or 3 
flow were considered to have achieved reperfusion 
(group 1) and patients with grades 0 or 1 flow were 
considered to have not achieved reperfusion via the in- 
farct-related artery (group 2). The sum of the ST-seg- 
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TABLE ll Sum of Electrocardiographic ST-Segment 
Elevation on Admission and Before Coronary Angiography 





Reperfused Nonreperfused 
Group 1 Group 2 
(n = 33) (n = 20) 















Admission electrocardiogram 






ST; in mm 8 (5-10) 11 (6-17) 
Preangiographic electrocardiogram 

ST2inmm 3 (1-6) 11 (8-19) 
p Value 0.00003 0.31 








ment elevation was calculated on the admission electro- 
cardiogram (GT) and on the preangiographic electro- 
cardiogram (ST>). The “ST difference” (ST, — ST) 
was compared in the 2 groups. Also, to provide a quan- 
titative expression of the difference between ST, and 
ST> that corrected for the baseline value (ST,) the fol- 
lowing formula was applied: (ST, — zl X 100/ST), 
and will subsequently be referred to as the “% ST 
change.” Thus, complete resolution (|) of ST elevation 
between ST, and ST) resulted in a % ST change of 
100%,. Unchanged ST elevation resulted in a % ST 
change of 0%. A twofold increase (t) resulted in a % ST 
change of 100%. 

Statistical analysis: Discrete variables are presented 
as percentages and continuous variables as medians (in- 
terquartile range). Logistic regression analysis was used 
to examine individually the strength of the association 
between the outcome variable (reperfusion) and the ST- 
segment changes. The method most strongly associated 
with reperfusion was used to calculate curves for sensi- 
tivity and specificity to determine the quantity of ST- 
segment resolution that best discriminated between pa- 
tients who did or did not have successful reperfusion. 
Comparisons within groups were made using the Wil- 
coxon | sample rank sum test. 


RESULTS 

Of the 53 patients evaluated, 33 patients had docu- 
mented successful reperfusion after thrombolytic thera- 
py. The remaining 20 patients did not have successful 
reperfusion either despite or without having received 
thrombolytic therapy. Table I lists the patients’ charac- 
teristics in the 2 groups. There were no substantial dif- 
ferences in the distribution of infarct-related arteries or 
the types of thrombolytic agents administered. The 
times from the onset of symptoms until electrocardio- 
graphic ST-segment measurements (ST; and ST») were 
nearly identical in the 2 groups. The sums of ST eleva- 
tions in the 53 patients are listed in Table II. There was 
a Statistically significant reduction in the sum of ST ele- 
vation between ST: and ST; in patients who had reper- 
fusion before acute cardiac catheterization. 

To determine whether the ST difference or the per- 
cent ST change in the sum of ST elevation was most 
closely associated with reperfusion via the infarct-relat- 
ed coronary artery, a logistic regression analysis was 
performed. The % ST change (Figure 1b) more clearly 
separated the patients with successful and unsuccessful 
AMI reperfusion than did the ST difference (Figure 








1a). The association with reperfusion was stronger using 
the % ST change (chi-square = 11.34, p = 0.0008) 
compared to the ST difference (chi-square = 9.22,p = 
0.003). Thus, for subsequent analysis the % ST change 
was used. 

Figure 2 depicts the spectra of sensitivities and speci- 
ficities attained by the various levels of % ST changes. 
The sensitivity and specificity curves intersect at a level 
of approximately >20%J| from the admission of ST ele- 
vation. At this level the % ST change provides a diag- 
nostic test with both high sensitivity (88%) and specific- 
ity (80%). As depicted in the figure, an increase in sen- 
sitivity or specificity to >90% can only be obtained at 
the expense of reducing the specificity or the sensitivity 
to 60 and 58%, respectively. At the 20%J level in % ST 
change the electrocardiogram provides a diagnostic test 
with a positive predictive value of 88%. Thus, using this 
level would correctly identify 88% of patients as having 
achieved reperfusion after thrombolytic therapy, and 
only 12% without reperfusion being falsely considered 
as reperfused. The negative predictive value at this lev- 
el is 80%, reflecting the percentage of patients with 
failure to achieve reperfusion who would be correctly 
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FIGURE 2. Spectra of sensitivities and 
specificities per % ST change in ST-seg- 
ment elevation for identifying patients with 
myocardial reperfusion via a patent coro- 
nary artery. Values of sensitivity and 
specificity are given for each level of % ST 
change. For example, a % ST change of 
>20% | had a sensitivity of 88% and a 
specificity of 80% for identifying patients 
with reperfusion. 
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identified, and considered for further AMI reperfusion 
therapy. 

Figure 3 presents examples of electrocardiographic 
recordings before and after thrombolytic therapy in 
study patients with infarcts in inferior and anterior loca- 
tions. Despite angiographically documented reperfusion, 
only partial ST resolution occurred. 


DISCUSSION 

The present study documents the usefulness of the 
standard electrocardiographic ST segment as a noninva- 
sive predictor of coronary artery reperfusion after intra- 
venous thrombolytic therapy for AMI. Use of the % ST 
change as a diagnostic test provides a method with suf- 
ficient specificity and sensitivity to help identify nonre- 
perfused patients who could benefit from emergent car- 
diac catheterization with adjunctive intracoronary phar- 
macologic or mechnical treatments to restore infarct 
artery patency. The results of this study indicate the 
importance of using each patient as his own control, to 
compare any change in ST-segment elevation to the 
baseline value rather than observing a change in abso- 
lute numbers of millimeters. The study revealed that a 


b 
GROUP | 
GROUP 2 


100%) 50%} NOA 50%? 100%? 150%1 
(ST>-ST)) *100/ST, 











l 


@ -SENSITIVITY 
o -SPECIFICITY 


pHi aa aaa M 


100% 4} 
>80%4 


Dat ESA NO4 <20%T <60%T 
240%) AY, <40%T 


Yo ST CHANGE 


<100 %f 
<80%T 











f 
"a 
E 


THE AMERICAN JOURNAL OF CARDIOLOGY DECEMBER 15, 1990 1409 j 








% ST change of 220%} provided a method that is both 
specific and sensitive. Several previous studies have sug- 
gested that the extent and magnitude of ST-segment 
deviation observed on the standard electrocardiogram 
during acute coronary occlusion reflects the ischemic 
burden on the left ventricle. The acute ST-segment de- 
viation has been shown to predict final AMI size in pa- 
tients receiving no reperfusion therapy!4-!6 and the ex- 
tent of new wall motion abnormality during angioplasty 
balloon inflation.'? Changes in ST-segment deviation 
might therefore reflect variations in the extent of myo- 
cardial ischemia. 

Although previous studies have found a rapid resolu- 
tion in ST-segment deviation associated with successful 
reperfusion,** the usefulness of these changes in identi- 
fying infarct artery patency status remains controver- 
sial. A study of 386 patients by Califf et al!? found that 
changes in the ST-segment deviation was a stronger 
predictor of coronary artery patency than variations in 
chest pain or arrhythmias. A method for identifying in- 
farct artery patency, which yielded both high sensitivity 
and specificity, could not be proposed from this study. 
However, the recording of changes in ST segment were 
only graded qualitatively (resolved, improved or un- 
changed). Kircher et all found that ST-segment im- 
provement occurred in only 33% of patients treated with 
thrombolytic therapy and was associated with an 88% 
probability of reperfusion. Richardson et all! using 
abrupt electrocardiographic changes as an indicator of 
patency, found that absence of such changes was a poor 
predictor of an occluded artery. However, abrupt ST-T 
changes were defined as 22 mm resolution in ST eleva- 
tion or depression and >3 mm reduction in T-wave 
height without considering the patients’ baseline ST-T 
changes. Also, this study might have included patients 
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with silent coronary reocclusion since patency was de- 
termined up to 10 days after thrombolysis. Krucoff et 
al found that achievement of a stable ST segment 
within 100 minutes after completed streptokinase infu- 
sion was 89% sensitive and 82% specific for the detec- 
tion of reperfusion. However, their method was based 
on 3-lead Holter monitoring which is not routinely 
available and detection of steady state requires contin- 
ued ST-segment measurement during a 24- to 48-hour 
period. Hogg and co-workers,’ observing the maximally 
deviated lead on the standard 12-lead electrocardio- 
gram, found that a 50% reduction in ST elevation was 
67% specific and 93% sensitive for infarct artery paten- 
cy. However, the test population was small (n = 17) 
with only 3 patients having occluded coronary arteries. 

Part of the controversy on the ST segment as an 
indicator of reperfusion might result from methodologic 
differences between the studies, and the fact that the 
number of electrocardiographic leads considered in 
these studies rarely exceeded 3. It has been shown that 
quantification of the ST elevation in all affected electro- 
cardiographic leads during acute coronary occlusion 
correlates with both development of new wall motion 
abnormalities and the final AMI size in nonreperfused 
patients.'°-'? Thus, considering all affected electrocar- 
diographic leads should theoretically prove superior to 
single lead analysis. For this purpose, continuous 
ST-segment monitoring has recently become clinically 
available through microprocessor-driven real-time 12- 
lead electrocardiographs.!? 

By describing the entire spectra of sensitivities and 
specificities, the present study demonstrates how the 
electrocardiogram as a noninvasive marker of reperfu- 
sion is vulnerable to the arbitrary or qualitative “cut- 
off” values of ST-segment shift used in previous stud- 


Sum of ST 
Elevation 


FIGURE 3. Example of study patients with 
inferior (top) and anterior (below) infarct 
location. The leads with the maximal ST- 
segment change (Il, lll and aVF for inferi- 
or and V;, V2 and V3 for anterior) are 
presented from before thrombolytic thera- 
py (before) and at the time of initial coro- 
nary angiography (after). The measure- 
ments at right refer to the sum of ST ele- 
vation in those leads. 
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ies 21318 Clinical use of the results of the present 
study might be expected to produce the following out- 
come. Of 100 patients treated with a thrombolytic agent 
associated with an 80% reperfusion rate, 26 patients 
would be recommended for emergent cardiac catheter- 
ization, based on the predictive values found in the pres- 
ent study. Of the 26 patients, 16 nonreperfused patients 
would be correctly identified, but the angiography 
would reveal that reperfusion had already occurred in 
the other 10. Only 4 patients without reperfusion would 
be falsely considered as reperfused, and thus miss the 
opportunity of a rescue procedure, whereas 70 patients 
would have a correct noninvasive diagnosis of reperfu- 
sion. 

Other investigators have evaluated enzymatic meth- 
ods as markers of reperfusion, particularly creatine ki- 
nase, its isoenzymes and isoforms, but a clinically useful 
algorithm based on these serum markers has not yet 
been developed.2°22 The current limitations of these 
methods include lack of rapid analytic techniques and 
standardized techniques between laboratories. Unlike 
the standard electrocardiogram, the analytic kits for de- 
termining cardiac enzymes varies between institutions, 
and therefore “methods” for detection of reperfusion es- 
tablished in one laboratory may not agree with others. 
However, it is possible that combinations of electrocar- 
diographic and serum markers of reperfusion may prove 
superior to either method used alone. 
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APPENDIX 


Method for calculating sensitivity, specificity and predictive 
values of the ST segment for identification of patients with 
reperfusion of the infarct-related artery. 

SENSITIVITY = number of patients with reperfusion and per- 
cent ST change criteria present/number of patients with reper- 
fusion. 

SPECIFICITY = number of patients without reperfusion and 
without percent ST change criteria present/number of patients 
without reperfusion. 

POSITIVE PREDICTIVE VALUE = number of patients with reper- 
fusion and percent ST change criteria present/number of pa- 
tients with percent ST change criteria present. 

NEGATIVE PREDICTIVE VALUE = number of patients without 
reperfusion and without percent ST change criteria present/ 
number of patients without percent ST change criteria present. 
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Effect of Heparin on Coronary Arterial Patency 
After Thrombolysis with Tissue Plasminogen 
Activator in Acute Myocardial Infarction 


Stanley D. Bleich, MD, Timothy C. Nichols, MD, Richard R. Schumacher, MD, 
David H. Cooke, MD, David A. Tate, MD, and Sam L. Teichman, MD 





Infarct artery patency rates at 90 minutes after 
coronary thrombolysis using recombinant tissue- 
type plasminogen activator (rt-PA) with and with- 
out concurrent heparin anticoagulation have been 
shown to be comparable. The contribution of hepa- 
rin to efficacy and safety after thrombolysis with 
rt-PA is unknown. In this pilot study, 84 patients 
were treated within 6 hours of onset of acute myo- 
cardial infarction (mean of 2.7 hours) with the 
standard dose of 100 mg of rt-PA over 3 hours. 
Forty-two patients were randomized to receive ad- 
ditionally immediate intravenous heparin antico- 
agulation (5,000 U of intravenous bolus followed 
by 1,000 U/hour titrated to a partial thromboplas- 
tin time of 1.5 to 2.0 times control) while 42 pa- 
tients received rt-PA alone. Coronary angiography 
performed on day 3 (48 to 72 hours, mean 57) af- 
ter rt-PA therapy revealed infarct artery patency 
rates of 71 and 43% in anticoagulated and control 
patients, respectively (p = 0.015). Recurrent isch- 
emia or infarction, or both, occurred in 3 (7.1%) 
anticoagulated patients and 5 (11.9%) control pa- 
tients (difference not significant). Mild, moderate 
and severe bleeding occurred in 52, 10 and 2% of 
the group receiving anticoagulation, respectively, 
and 34, 2 and 0% of patients in the control group, 
respectively (p = 0.006). 

These data indicate that after rt-PA therapy of 
acute myocardial infarction, heparin therapy is as- 
sociated with substantially higher coronary patency 
rates 3 days after thrombolysis but is accompanied 
by an increased incidence of minor bleeding compli- 
cations. 

(Am J Cardiol 1990;66:1412-1417) 
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nticoagulation has long played a role in the pre- 
A and management of thromboembolic 
complications of acute myocardial infarction.!~3 
The role of antithrombotic therapy after pharmacologic 
thrombolysis in myocardial infarction is incompletely 
characterized. To date, in most trials, heparin antico- 
agulation has been routinely, but empirically, added to 
thrombolytic therapy of acute myocardial infarction in 
an effort to maximize thrombolytic efficacy and mini- 
mize the risk of thrombotic reocchusion 2 7 The timing 
and dose of heparin have varied widely but it has been 
added to recombinant tissue-type plasminogen acti- 
vator (rt-PA), streptokinase, anistreplase, urokinase and 
prourokinase (single chain urokinase-type plasminogen 
activator or scu-PA) in the setting of acute myocardial 
infaretion.® !3 
The contribution of heparin therapy to early coro- 
nary thrombolytic efficacy with rt-PA has been pro- 
spectively evaluated in a trial by the Thrombolysis and 
Angioplasty in Myocardial Infarction (TAMI) study 
group of 134 patients.'* Infarct coronary arterial status 
was determined angiographically after 90 minutes in 
patients randomized either to rt-PA therapy alone or to 
rt-PA plus heparin (10,000 U intravenous bolus) deliv- 
ered at the start of the rt-PA infusion. Coronary paten- 
cy rates at 90 minutes were 79% in both groups. Thus, 
because anticoagulation did not play a significant role 
in achieving reperfusion, any expected effect of heparin 
would be observed after thrombolysis. However, in this 
trial all patients received heparin during and after angi- 
ography at 90 minutes, so the effects of anticoagulation 
on reecclusion, recurrent clinical events and bleeding af- 
ter thrombolytic therapy could not be assessed. This pi- 
lot study assesses the role of heparin therapy after 
thrombolytic therapy of acute myocardial infarction 
with rt-PA. 


METHODS 

Patients: Patients experiencing acute myocardial in- 
farction and presenting to one of the participating inves- 
tigation sites were eligible for inclusion in this study. 
Myocardial infarction was defined as (1) chest pain of 
230 minutes’ duration and (clinically) consistent with 
coronary ischemia; (2) ST-segment elevation on electro- 
cardiogram of 20.1 mV in at least 1 of 3 locations (an- 
terior [22 of the 6 precordial leads V,-V6]; inferior IS? 
of 3 inferior leads (II, III, aVF)]; or lateral [leads I and 
aVL]); and (3) onset of index symptoms must have oc- 
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curred within 6 hours of the time of entry into the study 
protocol. Men and postmenopausal women were eligible 
for inclusion. Standard exclusion criteria for thrombo- 
lytic therapy in acute myocardial infarction were 
- used.6:7%10 Recent therapy with aspirin or other platelet 
inhibitory agent was not an exclusion criterion. 

Protocol for study drug administration: After ob- 
taining informed consent, all eligible patients received 
lidocaine therapy before and during thrombolytic thera- 
py. Patients received 100 mg of alteplase, recombinant 
brand of t-PA (Activase®), provided by Genentech, Inc. 
of South San Francisco. Administration was initiated 
with a bolus of 6 mg given intravenously over 2 minutes 
followed by 54 mg infused over the first hour. The re- 
maining 40 mg was delivered at 20 mg/hour during the 
second and third hour of the infusion. 

Each center was provided with a treatment alloca- 
tion sequence based on a randomly generated list of 
numbers. In patients randomized to receive anticoagula- 
tion, unblinded heparin therapy was initiated within the 
first hour of the rt-PA infusion with an intravenous bo- 
lus of 5,000 U followed with an infusion of 1,000 U/ 
hour titrated to maintain the partial thromboplastin 
time at 1.5 to 2.0 times control value. The first partial 
thromboplastin time was determined 12 hours after ini- 
tiation of the heparin infusion. Heparin was continued 
until the time of coronary angiography. 

Patients entered into either arm of the study were 
precluded from receiving aspirin or dipyridamole during 
the study period. 

Study end points: Because heparin has no angio- 
graphically observable effect during thrombolytic reper- 
fusion, !4 the purpose of this study was to evaluate the 
role of heparin after rt-PA in the maintenance of infarct 
artery patency early during the course of acute myocar- 
dial infarction. The primary end point was coronary ar- 
terial patency rate documented on angiography per- 
formed on day 3 (48 to 72 hours) after therapy. Since 
patency rates at 90 minutes are similar in the presence 
or absence of heparin, any observed angiographic differ- 
ence could be attributed to heparin effect. In addition, 
clinical reocclusion was defined by recurrence of (1) 
cardiac-type chest pain similar to that which occurred 
with the index myocardial infarction lasting 220 min- 
utes, unrelieved by nitroglycerin; (2) electrocardio- 
graphic changes consistent with ischemia (described 
previously) in the same distribution as the index myo- 
cardial infarction; or (3) deterioration in clinical condi- 
tion consistent with reinfarction. Electrical and mechan- 
ical complications were not considered study end points 
unless associated with reinfarction. Treatment of recur- 
rent coronary ischemia and complications of infarction 
were at the discretion of the investigators. 

The secondary end point of the study was evaluation 
of the contribution of heparin to the incidences of bleed- 
ing after thrombolytic therapy. All bleeding occurrences 
were noted, with recording of date, site and an estimate 
of severity according to the following classification: (1) 
minor—of no clinical consequence, not requiring trans- 
fusion, blood loss of <250 ml; (2) moderate—250 to 
500 ml observed blood loss; (3) severe—>500 ml blood 
















TABLE I Patient Population 





Group B— 
Control 


Group A— 
Anticoagulation 





rt-PA plus heparin rt-PA alone 
42 42 


Therapy 
No. of patients 


Men (%) 79 83 
Age (mean years) 59.4 56.6 
Weight (mean kg) 80.3 81.4 
Time from onset of chest pain 2.6 2.8 
to rt-PA therapy (mean hours) 
Infarct location (%) 
Anterior (+lateral) 45 50 
Inferior 55 50 
Time from rt-PA therapy to 59.6 55.1 


angiography (mean hours) 










p = not significant for all variables. 
rt-PA = recombinant tissue-type plasminogen activator. 


loss requiring transfusion for augmentation of hemato- 
crit; and (4) life-threatening—evidence of any intracra- 
nial bleeding, or gastrointestinal or other internal bleed- 
ing causing hypotension. In cases in which >] bleeding 
event was noted, the most severe instance was used for 
statistical analysis. 

Protocol for angiographic studies: Coronary angiog- 
raphy was planned for all study patients 48 to 72 hours 
after treatment with thrombolytic therapy. Institutional 
protocol was followed during the angiographic proce- 
dure. Status of the infarct artery was determined during 
consensus reading by 2 senior angiographers according 
to Thrombolysis in Myocardial Infarction (TIMI) flow 
grade criteria.!5 Infarct arteries with TIMI flow grades 
0 and 1 were further classified as “occluded” and flow 
grades 2 and 3 as “patent.” 

Statistical analysis: The purpose of this study was to 
estimate the magnitude of the heparin effect on the pri- 
mary and secondary end points being evaluated (De, 
coronary arterial patency and bleeding complications, 
respectively). An initial total sample size of 100 patients 
was projected for this pilot effort. Fisher’s exact test was 
used to determine significance of dichotomous variables 
and an exact test was used for ordered categorical vari- 
ables.!6 All p values reported are 2-sided. 


RESULTS 

From October 1987 to August 1988, a total of 95 
patients were randomized in this pilot clinical trial at 
4 participating centers. For reasons described later, 11 
patients did not undergo protocol angiography and are 
not included in the data analysis. Of 84 evaluable pa- 
tients, 42 received rt-PA plus immediate heparin thera- 
py (group A—anticoagulation) and 42 received rt-PA 
alone (group B—control). The baseline demographic 
and clinical characteristics of the 2 groups are listed in 
Table I. 

Angiography was performed a mean of 59.6 hours 
after rt-PA treatment in the anticoagulation group and 
55.1 hours after rt-PA in the control group. Infarct ar- 
tery assessment revealed a significant difference in pa- 
tency between the 2 groups. A TIMI flow grade of 2 or 
3 was seen in 30 of 42 patients (71%) in the heparin 
group and in 18 of 42 patients (43%) in the control 
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Minor bleeding 
Venipuncture site 
Ecchymosis 
Upper extremity hematoma 
Gingival bleeding 
Microscopic hematuria 
Occult gastrointestinal bleeding 
Ear 
Femoral hematoma 
Skin due to trauma 
Epistaxis 
Tongue 

Moderate bleeding 
Deltoid hematoma 
Foot due to trauma 
Hip hematoma 
Knee effusion 
Vaginal 

Severe bleeding 

Oropharyngeal due to 
endotracheal trauma 


Note: More than 1 bleeding complication occurred in some patients. 


group (p = 0.015). One of the patients demonstrating 
clinical reocclusion in the control group died before an- 
giography because of infarct extension and was consid- 
ered to have an occluded infarct artery (grade 0). The 
results of angiography are illustrated in Figure 1. 
Three patients (7.1%) in the group receiving heparin 
and 5 patients (11.9%) in the control group demon- 
strated protocol-defined clinical evidence of reocclusion 
during the study period. This difference did not ap- 
proach statistical significance (p = 0.71). The mean 
time of reocclusion was similar in the 2 groups, 27.5 
hours (range 5.3 to 71.0) in the heparin group and 28.4 
hours (range 3.3 to 62.9) in the control group. 
Bleeding occurred in 64% of patients in the group 
receiving heparin (minor bleeding in 52%, moderate in 
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10% and severe in 2%) and in 36% of patients in the 
control group (minor in 33% and moderate in 2%) (p = 
0.006). Sites of bleeding are listed in Table II. 

Eleven patients were excluded from the final analy- 
sis for the following reasons: Four patients died because 
of complications of the index myocardial infarction (not 
related to reinfarction) before undergoing angiography 
(2 from group A [sudden cardiac death in 1 and pro- 
gressive cardiogenic shock in the other] and 2 from 
group B [sudden cardiac death in both]); in 2 patients, 
cardiac enzymes failed to confirm presence of myocar- 
dial infarction (1 each from groups A and B); 2 patients 
randomized to the control group received heparin owing 
to clinical considerations (1 for angiographically appar- 
ent intracoronary thrombus during angioplasty for 
failed thrombolysis and 1 as empiric therapy of recur- 
rent chest pain not meeting above protocol criteria for 
reocclusion); and 1 patient in the control group was re- 
moved from the study because of physician preference 
(patient considered to be at “high risk” for continuation 
in the study; patient had neither bleeding complications 
nor recurrent ischemic complications). In addition, since 
the purpose of the study was to evaluate the postthrom- 
bolysis course, 2 patients experiencing complications 
during the rt-PA infusion were excluded from the final 
analysis: 1 patient experienced an autopsy-proven 
thromboembolic cerebrovascular accident during rt-PA 
therapy and 1 patient with an undisclosed history of re- 
cent motor vehicle trauma died during rt-PA therapy 
because of massive internal hemorrhage. 


DISCUSSION 

Patent artery hypothesis: The potential importance 
of a patent infarct artery during the recovery phase of 
acute myocardial infarction has recently been re- 
viewed!” and is the subject of ongoing clinical trials. Re- 
duction in mortality and improved prognosis have been 
observed even when infarct artery reperfusion is pre- 
sumed to have occurred as late as 24 hours after myo- 


Grade 3 
Grade 2 
Grade 1 
Grade 0 


FIGURE 1. Results of angiography. Per- 
centage of patients demonstrating angio- 
graphic Thrombolysis in Myocardial In- 
farction trial flow grades 0 to 3 are 
shown. 
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TABLE Ill Effect of Heparin Therapy on Mortality in ISIS-2 (18) 


Vascular Deaths /Number of Patients (% dead) 
ee EE 


Streptokinase 
+ Aspirin 


Heparin therapy 
“planned” at entry 
Intravenous 
heparin 
Subcutaneous 
heparin 
No heparin 


170/2,054 (8.3%) 


325 /3,601 (9.0%) 


296 /2,937 (10.1%) 


Note: This was a prespecified subsidiary analysis of the trial. 
* Calculated from published data, i.e., first 2 columns of table. 


cardial infarction onset.'*-2° A corollary conclusion is 
that preservation of the benefits of early reperfusion de- 
pends on prevention of rethrombosis and reocclusion. 
Symptomatic reocclusion leading to recurrent ischemia 
and infarction represents the clinically apparent result 
of failure to maintain arterial patency. However, silent 
reocclusion has been documented’:!° and may result in 
less readily apparent adverse clinical sequelae, e.g., si- 
lent ischemia. 

After successful pharmacologic thrombolysis, residu- 
al clot and the disrupted endothelium represent potent 
thrombogenic stimuli that continue to activate the coag- 
ulation system.?-> The time course of the resolution of 
this risk is unknown. Empiric pharmacologic approach- 
es to this situation have utilized a low-dose, continuous 
infusion of a thrombolytic agent, as well as the antico- 
agulant, heparin, which potentiates the efficiency of an- 
tithrombin III, the physiologic inhibitor of thrombin. 
Results of early trials evaluating the former approach 
after thrombolysis with rt-PA provided contradictory 
results: One study indicated that rethrombosis was a 
significant problem, especially in patients with high- 
grade residual stenosis, but could be prevented by sever- 
al hours of a low-dose, continuous, “maintenance” infu- 
sion of rt-PA.?! In contrast, a randomized study indicat- 
ed that the rethrombosis rate was low and was similar 
in patients receiving, compared with those not receiving, 
a maintenance infusion.” 

Despite these results, the most widely studied and 
currently recommended rt-PA regimens have included a 
2- to 4-hour maintenance infusion aimed at reducing 
the rethrombosis rate.67:23-24 In addition, as with other 
thrombolytic agents, heparin anticoagulation is recom- 
mended®:!2,23,25-29 though the optimal dose, duration 
and route of administration has not been extensively 
evaluated. Alternatively, rt-PA has been combined with 
non-fibrin-selective thrombolytic agents resulting in 
systemic fibrinogenolysis.!*73! In these cases, the risk 
of rethrombosis due to persistent thrombin activity is 
theoretically reduced by removal of thrombin substrate, 
i.e., fibrinogen, with generation of fibrinogen degrada- 
tion products. It has recently been shown that the risk 
of rethrombosis is inversely correlated with the levels of 
fibrinogen degradation products which act as potent 
anticoagulants.** 

Thrombolysis with streptokinase and the role of 
heparin therapy: Information on the impact of heparin 





Streptokinase 
Only* 


Streptokinase 
+ Aspirin 


66/1,024 (6.4%) 104/1,039 (10.2%) 


137 /1,805 (7.6%) 188/1,796 (10.4%) 


140/1,463 (9.6%) 156/1,474 (10.6%) 


therapy is available from 6 trials of streptokinase in 
acute myocardial infarction.!833-3 The major ones 
include the Subcutaneous Calcium-Heparin in Acute 
Myocardial Infarction trial, a randomized multicenter 
study that compared 218 patients receiving streptoki- 
nase and intravenous/subcutaneous heparin (2,000 U 
intravenously at the time of enrollment followed by 
12,500 U subcutaneously every 12 hours beginning 9 
hours later) with 215 patients treated with streptokinase 
alone.*? In-hospital mortality in the group receiving 
heparin was 4.5% compared with 8.8% in the control 
group (p = 0.05). Recurrent ischemia and reinfarction 
rates were reduced in the heparin group, but the differ- 
ences did not reach statistical significance. 

In the pilot study for the Second International Stud- 
ies of Infarct Survival (ISIS-2), 619 patients were ran- 
domized in a 2 X 2 X 2 factorial design to streptokinase 
or placebo, aspirin or placebo and heparin or placebo.** 
In this study, heparin was associated with a decrease in 
reinfarction from 4.9 to 2.2% (difference not signifi- 
cant) but no difference in mortality was observed. 

The largest study from which information on hepa- 
rin therapy is available is ISIS-2.'* Even though it was 
designed primarily to evaluate the effects of streptoki- 
nase and aspirin on mortality after acute myocardial in- 
farction, the study provides information on the outcome 
of patients receiving intravenous, subcutaneous or no 
heparin therapy. In all patients randomized to streptoki- 
nase and aspirin, mortality at 5 weeks was highest in 
patients receiving no heparin (9.6%), lower in those re- 
ceiving subcutaneous heparin (7.6%) and lowest in those 
receiving intravenous heparin (6.4%) (Table III). Inter- 
estingly, the beneficial effect of heparin was limited to 
patients receiving aspirin in addition to streptokinase, 
whereas the beneficial effect of aspirin observed in this 
study was much greater in patients receiving heparin 
after streptokinase than in those not receiving heparin 
(Table III). This suggests an interaction between hepa- 
rin and aspirin after thrombolysis with streptokinase. 

Though not conclusive, these data suggest that anti- 
coagulation with heparin may lead to increased bleeding 
but also may play an important contributory role in the 
reduction of mortality seen after streptokinase therapy. 
It appears that intravenous heparin is more effective 
than subcutaneous heparin, but that subcutaneous hep- 
arin may also exert a positive effect after streptokinase 
therapy. In light of the evidence supporting the impor- 
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tance of a patent infarct artery during recovery from 
acute myocardial infarction, it is probable that heparin 
exerts this effect through reduction in the incidence of 
rethrombosis and reocclusion, whether silent or clinical- 
ly apparent, or through acceleration of the spontaneous 
thrombolysis that occurs after acute myocardial infarc- 
tion. If aspirin exerts beneficial effects through 
longer term prevention of reocclusion, more pronounced 
effects would be expected in patients with infarct artery 
patency initially maintained by heparin. 

Thrombolysis with recombinant tissue-type plas- 
minogen activator and heparin therapy: Sufficient data 
to evaluate fully the role of heparin (or aspirin) on the 
outcome of patients with acute myocardial infarction 
after treatment with rt-PA are not available. In the cur- 
rent study, although aspirin therapy was precluded after 
patient enrollment, a limitation of the protocol was that 
aspirin use before enrollment was not controlled. The 
potential impact of prior aspirin use on the observed re- 
sults is unknown. 

A recent study in Australia treated patients with 
acute myocardial infarction with 100 mg of rt-PA over 
3 hours and intravenous heparin for 24 hours and then 
they were randomized to either continuation of intrave- 
nous heparin in 99 patients or conversion to aspirin and 
dipyridamole in 103 patients until coronary angiogra- 
phy was performed at 1 week.*° The investigators con- 
cluded that anticoagulant therapy with intravenous hep- 
arin could be effectively and safely replaced with anti- 
platelet therapy as early as 24 hours after rt-PA. A 
small, randomized study also suggested that in many 
patients, after 24 hours, heparin does not protect 
against rethrombosis and does contribute to bleeding.*! 

Another study, the Heparin-Aspirin Reperfusion 
Trial (HART) was recently completed in over 200 pa- 
tients comparing rt-PA plus heparin with rt-PA plus as- 
pirin.“ Utilizing angiography performed early (7 to 24 
hours) and late (7 te 10 days), their preliminary data 
support an important early role for heparin anticoagula- 
tion in preserving infarct coronary patency after rt-PA 
therapy of acute myocardial infarction. In addition, this 
study confirms the relative effectiveness of aspirin in 
maintaining coronary patency during the period begin- 
ning 24 hours after thrombolysis and ending at 1 week. 

Although not conclusive, the data on anticoagulation 
after thrombolysis with rt-PA and streptokinase suggest 
that the role of antithrombin therapy with heparin may 
be even more necessary to a favorable clinical outcome 
with rt-PA than with streptokinase because of 2 impor- 
tant pharmacologic factors: half-life and fibrin-selectiv- 
ity. The elimination half-life of rt-PA is on the order of 
5 minutes, while that of streptokinase is about 25 min- 
utes. After the termination of the infusion, rt-PA is 
cleared from the blood within 30 minutes, while strepto- 
kinase circulates for several hours. If the importance of 
anticoagulation after rt-PA therapy is confirmed, the 
half-life of rt-PA may dictate the optimal time for initi- 
ation of such therapy. Fibrinogen degradation products 
are potent anticoagulants that are produced by the ac- 
tion of plasmin on fibrinogen.32 The concentration of 
degradation products produced after therapy with the 
non-fibrin-selective agent streptokinase is over 2.5 times 
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higher than that after the relatively fibrin-selective 
agent rt-PA, leading to a more pronounced and a more 
extended anticoagulant effect.43 

Implications of current study: The current study 
Suggests that heparin anticoagulation preserves coro- 
nary arterial patency after successful thrombolysis with 
rt-PA while modestly increasing the risk of minor bleed- 
ing complications after acute myocardial infarction. 
The magnitude of the difference observed in arterial pa- 
tency rates (71 and 44%) was not reflected by a compa- 
rable difference in the incidence of clinical reocclusion 
(7.1 and 11.9%). This may have been due to the fact 
that this pilot study lacked the statistical power to de- 
tect this difference. 

Alternatively, these results may reflect the physio- 
logic implications of a patent infarct artery during the 
acute compared to the the recovery phase of acute myo- 
cardial infarction. During the initial phase of acute 
myocardial infarction, symptomatic ischemia and ne- 
crosis occur because of the imbalance between increased 
myocardial oxygen demand and decreased coronary 
blood flow. Successful thrombolysis acutely restores 
blood flow to a level sufficient to interrupt the ischemic 
process. Hours or days later, with myocardial oxygen 
demand returned to baseline levels because of normal- 
ization of heart rate and blood pressure, a reduction in 
coronary blood flow due to rethrombosis may not repro- 
duce an oxygen supply-demand imbalance sufficient to 
Cause recurrent symptoms in all cases. Recruitment of 
collateral circulation to the jeopardized zone may also 
play a protective role.!9 

The findings of the TAMI heparin trial combined 
with the results of this study and the preliminary report 
of the HART study imply that subacutely (e. up to 24 
hours), after thrombolytic therapy with rt-PA, in the 
absence of adequate heparin anticoagulation, silent 
reocclusion may occur in a significant number of pa- 
tients. The National Heart Foundation and HART 
studies further suggest that after 24 hours the need for 
aggressive anticoagulation diminishes. Since the large 
majority of infarct arteries are patent 10 to 14 days af- 
ter myocardial infarction whether or not thrombolytic 
therapy has been administered, the so-called “catch-up” 
phenomenon,'’*° such reocclusion may be transient and 
may be associated with initially subclinical sequelae, 
e.g., Silent ischemia. Other studies are required to con- 
firm the findings of this pilot study, to evaluate more 
fully the prognostic significance of silent reocclusion 
and to determine the adequate dose, timing and method 
of anticoagulation after thrombolysis with rt-PA. 
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To evaluate the clinical incidence and outcomes of 


patients with pericarditis after thrombolytic thera- 
py, 810 patients were prospectively studied during 
acute myocardial infarction (AMI). Pericarditis was 
defined as the presence of a pericardial friction rub 
during the hospital course. Only 5% of patients de- 
veloped a rub during AMI, a low percent compared 
with that in the prethrombolytic era. A pericardial 
friction rub more often occurred in the setting of an 
anterior wall AMI. Patients with, compared to 
those without, a pericardial friction rub had lower 
ejection fractions (45 vs 51%, p = 0.002); worse 
regional left ventricular function (—3.2 vs 2.7, stan- 
dard deviation per chord); higher in-hospital mor- 
tality (15 vs 6%, p = 0.056); a higher frequency of 
power failure (83 vs 57%); a higher frequency of 
anterior wall location of the AMI (53% of cases, p 
= 0.002); and a higher frequency of 3-vessel dis- 
ease. Therefore, although the frequency of a peri- 
cardial friction rub was low (5%) compared with 
that in the prethrombolytic era, its occurrence de- 
notes more extensive myocardial damage with a 
worse clinical outcome. Perhaps with successful re- 
perfusion of the infarct-related vessel, transmural 
myocardial necrosis is prevented and with it the de- 
velopment of pericarditis. Cardiac tamponade did 
not occur clinically in any patient who developed a 
pericardial friction rub. 

(Am J Cardiol 1990;66:1418-1421) 
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cute myocardial infarction (AMI) was reported 
to occur in approximately 7 to 20% of patients.!-6 
Based on clinical and pathologic studies, the presence of 
extensive transmural necrosis was believed to be a pre- 
requisite for the development of pericardial inflamma- 
tion.’ Hospital and long-term mortality has been report- 
ed to be higher in conservatively treated patients with 
evidence of pericarditis after AMI.3-5 By achieving ear- 
ly reperfusion, the use of thrombolytic therapy may pre- 
vent progression to transmural necrosis, thereby reduc- 
ing the risk of developing pericarditis.8 Once an in- 
flammatory reaction has developed, the risk of the de- 
velopment of hemorrhagic pericardial tamponade may 
be increased.’ Although pericarditis has been previous- 
ly reported to occur less frequently in patients given 
thrombolytic therapy in the setting of AMI,!°-!2 the fre- 
quency and clinical outcomes of pericarditis after this 
treatment has not been systematically studied. This 
study reports the cumulative Thrombolysis and Angio- 
plasty in Myocardial Infarction (TAMI) study’s experi- 
ence with pericarditis in the setting of thrombolytic in- 
tervention. 


Be: the era of thrombolytic therapy, pericarditis in 





METHODS 

Patients: Patients with AMI complicated by peri- 
carditis were identified in the TAMI trials 1 through 3 
and in the Urokinase Pilot Study at Duke University 
Medica! Center. Pericarditis was strictly defined as the 
presence of a pericardial friction rub on auscultation on 
physical examination at any time during the patient’s 
hospitalization. The patients were examined at least dai- 
ly by the attending physician and study nurses. 

As previously described, patients with AMI were 
prospectively enrolled in trials of intravenous thrombo- 
lytic therapy if they met the standard treatment crite- 
ria.!>-16 Briefly, inclusion criteria included: (1) symp- 
toms consistent with an AMI for 30 minutes’ duration 
without response to sublingual nitroglycerin, (2) ST- 
segment elevation of >1 mm in 22 contiguous electro- 
cardiographic leads, (3) onset of chest discomfort within 
6 hours of the time of thrombolytic therapy administra- 
tion, and (4) age <76 years. Usual exclusion criteria 
included: (1) no bleeding diathesis, (2) absence of car- 
diogenic shock, and (3) no prior coronary artery bypass 
surgery. 


TABLE I Thrombolytic Regimens 


Study 


Pharmacologic Regimen Patients 


TAMI 1 
TAMI 2 
TAMI 3 
Urokinase 


rt-PA (150 mg) + PTCA 

rt-PA + urokinase (variable doses) 
rt-PA (135-150 mg) + heparin 
Urokinase (3 million units) 

Total 


PTCA = percutaneous transluminal coronary angioplasty, rt-PA = recombinant 
tissue-type plasminogen activator; TAMI = Thrombolysis and Angioplasty in Myocar- 
dial Infarction trial. 


TABLE Il Pericardial Rub and Thrombolytic Therapy 
Incidence 


No. of 
Patients 


Patients Developing 
Pericardial Rub 


386 
147 


TAMI 1 
TAMI 2 
TAMI 3 
Urokinase 


Total 


21 (5%) 

1(1%) 
175 16 (9%) 
102 2 (2%) 


810 40 (5%) 


TAMI = Thrombolysis and Angioplasty in Myocardial Infarction trial. 


Therapeutic regimens: The 4 thrombolytic therapy 
trials with their respective pharmacologic interventions 
are displayed in Table I.'3-!© As previously reported, af- 
ter immediate catheterization, all patients were treated 
with standard therapy including lidocaine, oxygen, mor- 
phine as needed for pain and nitrates either topically or 
intravenously. Aspirin, 325 mg/day, was also adminis- 
tered along with a continuous infusion of intravenous 
heparin to maintain the partial thromboplastin time at 2 
times the control value. This infusion was continued un- 
til repeat catheterization at 7 to 10 days. Beta blockers 
were not added to the medical regimen unless clinically 
indicated for systemic hypertension, supraventricular 
tachyarrhythmias or noncardiac disorders Leg. mi- 
graine headaches). Patients were also treated with calci- 
um antagonists 3 times a day. Other medications, in- 
cluding antiarrhythmic agents, were used at the discre- 
tion of the clinician. No other antiplatelet agents such 
as dipyridamole were used routinely. 

Data analysis: Case report forms were completed by 
the clinical research nurse coordinators and reviewed by 
the principal investigator at each site before submission 
to the Duke Data Coordinating Center. The data were 
verified independently by study monitors from review of 
the clinical records. 

Throughout the clinical trials reviewed in this report, 
a consistent database was maintained to allow for assur- 
ance about variable definition and recording of events. 
Values for continuous variables are presented as mean 
+ 1 standard deviation (SD) and for discrete variables 
values are presented as percentages. For discrete vari- 
ables, comparisons were made by the chi-square test or 
the Fisher’s exact test and by f tests for continuous vari- 
ables. All p values presented are 2-sided. 


RESULTS 
The frequencies of pericardial friction rub for the 
different studies are listed in Table II. Of 810 patients 








TABLE Ill Baseline Clinical Characteristics 


Pericardial Rub No Pericardial Rub 
(n = 40) (n = 770) 





















Age (years)* 56 (46-65) 57 (49-65) 
Men/women 36/4 614/156 
Weight (kg)* 84 (72-93) 82 (73-91) 
Coronary risk factors + (%) 
Systemic hypertension 43 42 
Diabetes mellitus 8 16 
Hypercholesterolemia 5 13 
Cerebrovascular disease 3 2 
Peripheral vascular disease = 5 
Family history of premature 43 46 
coronary artery disease 
Cigarette smoking 60 64 










dian (25th to 75th percentiles). 


* Figures shown are me 
d from admission history. Definitions have been previously 


+ = risk factors obtaine 
published.2° 


TABLE IV Baseline Angiographic Data 


Pericardial Rub No Pericardial Rub 
(n = 40) (n= 770) 













AMI location (%) 




























Anterior 23 (57) 308 (40) 
Inferior 17 (43) 462 (60) 
Infarct-related artery (%) 
Left main 1 (2) 1 (0.5) 
Left anterior descending 20 (50) 288 (37) 
Left circumflex 3 (8) 101 (13) 
Right 14 (35) 358 (47) 
Graft 1 (2) 4(0.5) 
Undetermined 1 (2) 18 (2) 
No. of coronary arteries 
narrowed 50% in 
diameter (%) 
0 4 (10) 59 (8) 
1 16 (40) 362 (47) 
2 7 (17) 217 (28) 
3 12 (30) 126 (16) 
Left main 1 (3) 6 (1) 
TIMI grade 90 minutes 
consensus (%) 
Patent 28 (72) 539 (72) 
Occluded 11 (28) 208 (28) 
0 7 (18) 158 (21) 
1 4(10) 50 (7) 
2 5 (13) 156 (21) 
3 23 (59) 383 (51) 












AMI 
trial. 


= acute myocardial infarction; TIMI = Thrombolysis in Myocardial Infarction 





examined, 40 (4.9%) had evidence of clinical pericardi- 
tis during the hospitalization. The variability among the 
different phases of the thrombolytic studies was not 
substantial. 

Baseline characteristics for patients with or without 
a pericardial rub did not differ with regard to gender, 
demographics and standard cardiac risk factors (Table 
III). Of the 40 cases, 23 (58%) had a rub detected with- 
in 48 hours of initial presentation. 

Patients with anterior wall AMI had a higher inci- 
dence of a pericardial friction rub than those with infe- 
rior AMI (Table IV). Similarly, the left anterior de- 
scending coronary artery was more often the infarct- 
related artery in the pericarditis group. Patients who 
developed a friction rub had more severe coronary dis- 
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ease than those who did not (33% with 3-vessel or left 
main disease versus 17%). No difference was apparent 
in acute catheterization Thrombolysis in Myocardial In- 
farction study flow grades between those with or with- 
out clinical pericarditis. 

Patients with clinical pericarditis had a significantly 
lower global ejection fraction at the time of acute ven- 
triculography (Figure 1): Median global ejection frac- 
tion was 45% for those with and 51% for those without 
(p = 0.002). Infarct zone function measured in SDs per 
chord was significantly worse at the time of catheteriza- 
tion in patients who developed clinical pericarditis (Fig- 
ure 2). Median infarct zone function (SD per chord) 
was —3.2 in patients with a pericardial rub compared 
with —2.7 SD per chord in patients without a pericardi- 
al rub (p = 0.024). Of these 2 measurements, global left 
ventricular ejection fraction at baseline catheterization 
was the most important parameter for predicting the 
presence or absence of a pericardial friction rub (p = 
0.01). This finding was independent of infarction lo- 
cation. 

When clinical outcomes were examined, patients 
who developed a friction rub tended to do worse than 
those who did not (Table V). Hospital mortality was 
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Pericarditis and Thrombolytic Therapy 
Left Ventricular Function 





higher in patients with (15%) compared with those 
without clinical pericarditis (6%) (p = 0.056). In pa- 
tients with a rub who died, power failure tended to be 
the predominant mechanism (83%), whereas in patients 
without a rub, the cause of death was more evenly dis- 
tributed between power failure (57%) and other factors, 
mostly arrhythmia. No patient in either group devel- 
oped a hemodynamically significant pericardial effusion 
or cardiac tamponade by bedside clinical evaluation. 
This negative finding has an upper 95% confidence limit 
of approximately 0.4%. 


DISCUSSION 

The principal finding of this study is that the inci- 
dence of a pericardial friction rub in the setting of 
thrombolytic therapy for AMI is especially low com- 
pared with older studies describing conservatively treat- 
ed patients. A pericardial friction rub was only found 
in 5% of all patients. In contrast, the incidence of peri- 
carditis before the thrombolytic era has been reported 
to be between 7 and 20%. In the recently reported Mul- 
ticenter Investigation of the Limitation of Infarct Size 
study, in which patients did not receive thrombolytic 
therapy, pericarditis occurred in 20% of those enrolled. 








* Global 50 FIGURE 1. Median (25-75th percentile) 
4 Ejection Fx values for global left ventricular function 
fy o 40 (%) at baseline and at 7-day follow-up in 
E (%) patients with and without clinical pericar- 
30 ditis. Fx = fraction. 
| p = 0.002 | 
20 





Baseline 7 Day 
Present Absent 


Pericarditis 


* Values shown are median (25th - 75th) 





*Infarct 


Baseline 7 Day 
Present Absent 
Pericarditis 





* Values shown are median (25th - 75th) 
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Baseline 7 Day 


Pericarditis and Thrombolytic Therapy 
Left Ventricular Function 











Baseline 7 Day 








FIGURE 2. Median (25-75th percentile) 


Zone infarct zone function (standard deviation 
Function -2 [SD] per chord) at baseline and at 7-day 
follow-up in patients with and without clin- 
(SD/Chord) ical pericarditis. 

















Pericardial Rub No Pericardial Rub 
(n = 40) (n= 770) 









49 (6) 





Mortality (%) 


















Power failure 5 (83) 25 (51) 
Arrhythmia 1 (17) 11 (22) 
Sudden death 0 5 (10) 
Other 0 8 (16) 
Congestive heart failure 
Killip class (%) 
2 7 (18) 96 (12) 
3 4(10) 32 (4) 
4 1 (3) 11 (1) 
Reocclusion 6 (15) 92 (12) 
Coronary artery bypass grafting 
None 24 (60) 608 (79) 
Emergency 5 (13) 38 (5) 
Urgent 7 (18) 42 (5) 
Elective 4(10) 81 (11) 
Late CABG 0 1 (0.1) 
Cardiac tamponade 0 0 





CABG = coronary artery bypass graft surgery. 


The patients in this study who developed clinical 
pericarditis had more extensive myocardial damage, as 
documented by significantly worse baseline global and 
segmental left ventricular function, more frequent oc- 
currence of anterior wall AMI, and a higher in-hospital 
mortality as opposed to those without pericarditis. In 
fact, the degree of left ventricular damage as measured 
by global ejection fraction predicted the presence of a 
friction rub independently on infarct location. These 
findings are consistent with those reported before the 
thrombolytic era and with the pathologic findings sug- 
gesting that transmural extension of myocardial necro- 
sis is a prerequisite for the development of a pericardial 
friction rub. As recently reported by Sugiura et al!” pa- 
tients who develop pericarditis during AMI have a high- 
er pulmonary artery wedge pressure, more advanced de- 
grees of ventricular segmental asynergy and more often 
have a ventricular aneurysm. Perhaps with successful 
reperfusion, transmural myocardial necrosis is prevent- 
ed and with it development of clinical pericarditis. This 
observation concurs with early canine pathologic studies 
by Reimer et al!® describing the wave front model of 
myocardial necrosis. 

The low incidence of a pericardial friction rub in our 
study concurs with the previous thrombolytic trials for 
AMI. In the European Cooperative Study, pericarditis 
occurred in 6.3% of patients treated with recombinant 
tissue-type plasminogen activator as opposed to 11% of 
patients treated with placebo. In the Netherlands and 
the Italian Group for the Study of Streptokinase in 
Myocardial Infarction studies evaluating intravenous 
streptokinase versus placebo, clinical pericarditis oc- 
curred twice as frequently in patients not treated with 
thrombolytic therapy for AM II 17 These findings fur- 
ther support the concept that reperfusion of the infarct- 
related vessel decreases the likelihood of transmural ex- 
tension of the infarct and hence the occurrence of a 
pericardial rub. 

The fact that no patient with clinical pericarditis in 
this study developed clinical evidence of cardiac tam- 
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ponade is of particular importance. This finding is even 
more remarkable when one considers the fact that these 
patients were aggressively treated with concomitant 
anticoagulant and antiplatelet therapy. It is certainly re- 
assuring to know that hemopericardium with tampon- 
ade is extremely unusual in this setting despite case re- 
ports to the contrary with only heparin.**:'? We do not 
believe that the development of a pericardial friction 
rub in this setting is a contraindication for continuation 
of intravenous heparin. 
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Determinants and Significance of Diltiazem 
Plasma Concentrations After Acute 





Myocardial Infarction 


Stanley Nattel, MD, Mario Talajic, MD, Robert E. Goldstein, MD, John McCans, MD, 
and The Multicenter Diltiazem Postinfarction Trial Research Group 


A total of 1,975 plasma diltiazem concentrations 
were obtained from 1,067 patients enrolled in a 
multicenter secondary intervention study of diltia- 
zem after acute myocardial infarction. To evaluate 
the determinants and significance of diltiazem con- 
centrations in this patient population, we related 
drug concentrations to a variety of clinical variables 
recorded on the case history forms. Multiple linear 
regression analysis showed that (1) time from the 
last drug dose, (2) drug dose taken, (3) patient 
height (an index of lean body weight), and (4) pa- 
tient age were important determinants of plasma 
concentration. For an equivalent dose, plasma dilti- 
azem concentrations in a 75-year-old patient were 
about double those of a 25-year-old patient. Total 
weight and drug dose prescribed did not signifi- 
cantly affect plasma concentrations. Whereas drug 
concentrations were higher (p = 0.01) among pa- 
tients with left-sided heart failure, they were not al- 
tered by renal dysfunction, hepatic disease or B 
blockers. Diltiazem concentrations were a signifi- 
cant determinant of diastolic arterial pressure (p 
<10-°), but neither systolic pressure nor heart rate 
were significantly related to diltiazem concentra- 
tion. The overall incidence of adverse experiences 
was not related to drug concentrations, but the oc- 
currence of second- and third-degree atrioventricu- 
lar block in the coronary care unit and the need for 
a temporary pacemaker were substantially higher 
among patients with a drug concentration >150 


From the Department of Medicine, Montreal Heart Institute, the De- 
partments of Pharmacology and Therapeutics and Medicine, McGill 
University, the Department of Medicine, University of Montreal, the 
Division of Cardiology, Mortimer B. Davis Jewish General Hospital, 
Montreal, Quebec, Canada, and the Department of Medicine, Uni- 
formed Services University of the Health Sciences, Bethesda, Mary- 
land. This study was supported in part by operating grants from the 
Medical Research Council of Canada, the Quebec Heart Foundation, 
the Fonds de Recherche en Santé du Québec and the Fonds de Re- 
cherche de l’Institut de Cardiologie de Montréal, as well as by a consor- 
tium grant from Godecke Aktiengesellschaft (Germany), Laboratorios 
Dr Esteve, SA (Spain), Marion Laboratories, Inc. (United States), 
Nordic Laboratories, Inc. (Canada), Lars Synthelabo (France), Ta- 
nabe Seiyaku Co., Ltd. (Japan), and Warner-Lambert International 
(United States). Manuscript received March 16, 1990; revised manu- 
script received and accepted August 8, 1990. 

Address for reprints: Stanley Nattel, MD, Montreal Heart Insti- 
tute, 5000 East Belanger Street, Montreal, Quebec, HIT 1C8 Canada. 


1422 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 66 


ng/ml (7.4 and 1.9%, respectively) than among pa- 
tients with lower concentrations (2.6% for atrio- 
ventricular block, 0.3% for pacemaker; p = 0.02 
for each). The risk of atrioventricular block was 
particularly increased by high diltiazem concentra- 
tions in the face of acute inferior infarction. These 
results suggest that diltiazem’s pharmacologic and 
clinical effects in a large population are concentra- 
tion-related, and that the consideration of patient 
size, age, and left ventricular function in selecting a 
diltiazem dose may allow for effective drug therapy 
with a reduced likelihood of adverse effects. 

(Am J Cardiol 1990;66:1422-1428) 


the chances of benefit while minimizing the risk 

of adverse drug effects. The relation between 
plasma drug concentration and drug actions is usually 
more consistent than the relation between drug dose 
and concentration. Much of the variability in response 
to a drug is due to factors that alter the plasma concen- 
tration for a given dose. Pharmacokinetic studies at- 
tempt to identify and quantify such factors. 

Dose recommendations for diltiazem therapy are 
generally presented in terms of a range of daily doses, 
without specific suggestions for dose modification ac- 
cording to patient characteristics.!:2 Diltiazem is elimi- 
nated by hepatic biotransformation? with a large first- 
pass effect,*® and renal failure has little effect on its 
disposition.’* Diltiazem is substantially bound to plas- 
ma proteins,”:'° and there is evidence that diltiazem me- 
tabolism is altered in the elderl 11.17 

There is a need for an evaluation of the factors gov- 
erning the relation between drug dose and concentration 
within specific patient populations receiving drug thera- 
py. In a recent randomized study,!? 1,234 patients were 
allocated to active treatment with diltiazem. As part of 
the study protocol, blood samples were obtained for sub- 
sequent plasma diltiazem concentration measurement. 
Extensive clinical information was recorded during fol- 
low-up. If clinical factors that control diltiazem concen- 
trations can be identified from information in this data 
base, and concentrations are found to determine benefi- 
cial, or adverse drug responses, or both, then consider- 
ation of such factors in deciding on an initial drug dose 


(KE: dose selection for a drug should maximize 


would be rational. The purpose of the present study was 
to evaluate the determinants and potential importance 
of plasma diltiazem concentrations among patients en- 
rolled in the Multicenter Diltiazem Postinfarction Trial. 


METHODS 

Overall trial design: The design and primary end 
point analysis of the Multicenter Diltiazem Postinfarc- 
tion Trial have been described in detail elsewhere.'? In 
brief, 2,466 patients were randomly allocated to receive 
either diltiazem or identical placebo tablets in a double- 
blind fashion. Entry criteria included age between 25 
and 75 and documented acute myocardial infarction.’ 
Exclusion criteria were: ongoing cardiogenic shock or 
hypotension; pulmonary hypertension; second- or third- 
degree atrioventricular block; a resting heart rate <50 
beats/min; childbearing potential without contraceptive 
therapy; Wolff-Parkinson- White syndrome; calcium an- 
tagonist therapy; a potentially lethal noncardiac disease; 
nonatherosclerotic myocardial infarction; cardiac sur- 
gery; and residence outside the study area. Informed 
consent was obtained from all enrolled patients. Ran- 
domization was stratified to balance groups with respect 
to time after myocardial infarction, use of 6 blockers, 
and New York Heart Association classification. 

Clinical variables, including vital signs, a medical 
history and a physical examination, were recorded at 
entry into the trial and at each clinic visit. Chest x-rays 
in the coronary care unit were interpreted by the radiol- 
ogy department of each center. For each patient, study 
coordinators identified the x-ray report of the greatest 
severity of pulmonary congestion and graded the con- 
gestion on a 4-level scale of severity (no, mild, moder- 
ate, or severe congestion).!° 

Drug therapy and plasma concentration measure- 
ments: Therapy was initiated with diltiazem (60 mg) or 
identical-looking placebo tablets 4 times/day. Dose ad- 
justments and trial drug discontinuation were at the dis- 
cretion of the treating physician. Blood samples for drug 
assay were to be obtained whenever possible, within a 
month of entry into the trial, within 6 months of entry 
and at the conclusion of the study. Because of a variety 
of technical factors (patient refusal, samples broken in 
transit, and so forth), blood levels were not available for 
all patients at each time point. The interval from last 
dose to sampling time varied widely (Figure 1), al- 
though trough samples were to be obtained whenever 
possible. Plasma was removed from each sample within 
30 minutes, frozen at —4°C, and shipped frozen to 
Marion Laboratories, Kansas City, Missouri, for diltia- 
zem assay using high-performance liquid chromatogra- 
phy techniques. 

Statistical analysis: Correlations were analyzed by 
simple or multiple linear regression, with statistical sig- 
nificance determined by analysis of variance or covari- 
ance.'* Comparisons between group means were per- 
formed by ¢ tests when each of the 2 groups had 230 
members 13 Otherwise, a nonparametric test (Wil- 


> coxon) was used.'4 Contingency data were analyzed by 


chi-square or by Fisher’s exact test.'* Group data are 
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presented as mean + standard error, and a statistically 
significant difference was defined as p <0.05. 

For the analysis of the relation between drug con- 
centration and physiologic variables (e.g., heart rate, 
blood pressure), plasma concentrations for each patient 
were matched to measurements obtained at the same 
clinic visit. Because the temporal relation between ad- 
verse experiences and blood sampling was complex and 
variable, we restricted the analysis of the relation be- 
tween adverse experiences and plasma concentrations to 
the initial hospitalization. Other analyses were based on 
samples obtained at a specific month after trial entry, or 
on the first plasma concentration in each patient when 
only 1 representative sample per patient was to be ana- 
lyzed. 


RESULTS 

Diltiazem concentrations were measurable in 1,975 
samples from 1,067 patients. Nine hundred forty-nine 
patients with measurable concentrations had been ran- 
domized to diltiazem; 118 patients with detectable con- 
centrations were receiving open-label diltiazem. 

Determinants of diltiazem concentrations: Diltia- 
zem concentrations ranged from 7 to 691 ng/ml (mean 
133). Time from the last dose of diltiazem was an im- 
portant determinant of plasma drug concentration, as 
shown in Figure 2. Plasma concentrations rose over the 
first 2 hours after a dose, remained stable for about 4 
hours, and then declined in a log-linear fashion with a 
half-life of 5.89 hours. 

The factors determining plasma diltiazem concen- 
tration were evaluated by multiple linear regression 
analysis. Data from the l-month, 6-month and trial 
close-out clinic visits were examined to determine the 
relation between drug concentration (as a dependent 
variable) and drug dose (both prescribed and actual 
dose taken), the interval from the last dose, and patient 
height, weight and age (potential independent vari- 
ables). As summarized in Table I, the significant deter- 
minants of diltiazem concentration included the dose 
taken, the interval from the last dose, patient height and 
patient age. Patient weight and the dose prescribed were 
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FIGURE 1. Number of plasma samples available at each time 
interval from the last dose of diltiazem. HR = hours. 
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PLASMA CONC. (mcg/L) 


Variables Coefficient t 


Intercept ; 

Interval (hour) —6.0 —5.0 
Dose prescribed (tablets /day) —2.3 —0.2 
Dose taken (tablets / day) 295:3 3.7 
Weight (Ib) 0.2 1.5 
Height (in) -3.5 —2.8 
Age (yr) 1.2 3.0 


For the 6-month analysis, r = 0.41, Ee 254 = 12, p = 3 X 1072. 
For the 1-, 6-month and closeout analysis, r = 0.39, F¢,1213 = 37, p < 10-20. 









not important contributors to the regression. The regres- 
sion of plasma diltiazem concentration on the 4 afore- 
mentioned significant variables accounted for about 
16% of the overall variance in plasma concentrations (r 
= 0.4), as shown in Figure 3. Patient height was used as 
an index of lean body mass—the substitution of body 
surface area,'> body mass index (weight/height?) and 
ponderosity index (weight/height>) weakened the multi- 
linear regression. 

Patients with pulmonary congestion in the coronary 
care unit had a mean diltiazem concentration of 188 + 
10 ng/ml, which is higher than the mean concentration 
of 160 + 6 ng/ml (p = 0.01) measured in patients with- 
out pulmonary congestion. There was a graded relation 
between the severity of pulmonary congestion and dilti- 
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Six-Month Samples (n = 372) 





All values used for regression analysis were recorded for the clinic visit at which plasma was obtained for subsequent drug assay. Height was used as an index of ideal body weight. 
Results are shown for the midtrial data only (6 months, left), and for samples obtained at 1-, 6-month and closeout analysis (right). 







FIGURE 2. Mean + standard error of 
plasma diltiazem concentration (PLASMA 
CONC.) as a function of time interval from 
last drug dose. Direct plot is shown on 
bottom, and a log-linear plot of the same 
data on top. Least-squares regression 
line to log-linear plot indicates a plasma 
half-life of 5.89 hrs (h). 





One-, Six-Month and Closeout Analysis 
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<0.0001 —6.9 
0.82 10.9 2.1 0.03 
0.0002 17:2 4.9 <0.0001 
0.13 0.05 0.7 0.51 
0.005 —2.4 536 0.0004 
0.003 1.1 5.1 <0.0001 












azem plasma concentration (Figure 4). On the other 
hand, current 6 blocker therapy, and renal or hepatic 
disease did not alter diltiazem concentration. Pulmo- 
nary congestion in the coronary care unit was not a pre- 
dictor of subsequent outpatient diltiazem concentra- 
tions. 

Relation between plasma concentrations and diltia- 
zem actions: PHARMACOLOGIC AND THERAPEUTIC ACTIONS: 
Heart rate and systolic pressure at each clinic visit were 
not correlated with drug concentrations. However, there 
was a highly significant negative correlation between 
diastolic pressure and diltiazem plasma concentration 
(F = 17.4, DF = 1/1,817, p <10-9). There was no 
apparent relation between drug concentrations and the 
occurrence of angina, nitroglycerin consumption, the in- 


KÉ. 


cidence of coronary bypass surgery, or the prevalence of 
-= congestive heart failure. 

ADVERSE EXPERIENCES: Adverse experiences were re- 
ported as a part of routine monitoring. Diltiazem plas- 
ma concentrations during the initial hospitalization 
were compared between patients with and without ad- 
verse experiences during the hospitalization. The total 
number of adverse experiences was not related to drug 
concentrations. Second- or third-degree atrioventricular 
block was reported as an adverse experience in 8 pa- 
tients, whose diltiazem concentrations (220 + 28 ng/ 
ml) were higher than those of patients without atrioven- 
tricular block (162 + 7 ng/ml, p <0.05). Among the 7 
patients in whom the adverse experience of atrioventric- 
ular block was felt to be probably or definitely drug- 
related (excluding 1 patient in whom it was reported as 
probably not drug-related), the mean diltiazem plasma 
concentration was 263 + 26 ng/ml. The case report 
forms also included the routine reporting of second- or 
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FIGURE 3. Relation between observed plasma diltiazem con- 
centrations (CONC.) after 6 months of therapy and the values 
predicted by multiple linear regression analysis incorporating 
the 4 significant determining variables. Regression line had a 
slope of 0.997, an intercept of 0.4 ng/ml, and a correlation 
coefficient of 0.41 (F4,376 = 18.5, p <10-13). 
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FIGURE 4. Mean + standard error of diltiazem plasma con- 
centration (CONC.), as a function of severity of pulmonary 
congestion on coronary care unit chest x-rays. Severity of 
congestion was graded from O (no pulmonary congestion) to 3 
(severe congestion). Pulmonary congestion grade was a signif- 
icant determinant of diltiazem concentration (p = 0.05 by 
analysis of variance). 








third-degree atrioventricular block in the coronary care 
unit irrespective of any suspected relation to trial medi- 
cation. The median drug concentration for all patients 
was approximately 150 ng/ml. The likelihood of having 
second- or third-degree atrioventricular block was sig- 
nificantly greater among patients with a plasma concen- 
tration >150 ng/ml, compared to the corresponding 
risk among patients with a plasma concentration <150 
ng/ml (Figure 5). Similarly, the need for a temporary 
transvenous pacemaker was more frequent among pa- 
tients with a blood level >150 ng/ml (1.9%), compared 
with those with a plasma concentration <150 ng/ml 
(0.3%, p = 0.02). 

Multivariate analysis was used to explore further the 
influence of high diltiazem concentrations on the occur- 
rence of atrioventricular block in the coronary care unit. 
Atrioventricular block was more frequent among pa- 
tients with inferior myocardial infarctions (p = 0.002) 
and among patients older than the median age of 59 (p 
= 0.03). There was an important interaction between 
these factors and diltiazem concentration, with atrioven- 
tricular block being more common among patients with 
inferior myocardial infarctions and high plasma drug 
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FIGURE 5. Incidence (%) of second- or third-degree atrioven- 
tricular (AV) block and requirement for a temporary pacemak- 
er in relation to plasma diltiazem concentration (CONC.). Pa- 
tients with concentrations in excess of 150 ng/ml were much 
more likely to develop significant atrioventricular block. 
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TABLE II Mortality Among Patient Groups According to 
Diltiazem Plasma Concentration 


Deaths /Patients (% mortality) 


Plasma Conc. 
(ng/ml) 


Concentration 
Quartile(s) 


Pulmonary 


No Congestion Congestion 


11/192 (5.7) 
19/389(4.9) 16/89 (18.0) 
11/182 (6.0) 6/41 (14.6) 


* Patients were divided into quartiles according to the distribution of plasma drug 
concentrations at each hour after administration. Patients in the lowest quartile 
(quartile 1) had the lowest concentrations, whereas those in the highest quartile (4) 
had the highest concentrations. Quartiles 2 and 3 had intermediate concentrations 
and similar results; data for them was thus combined. Mortality was not statistically 
significantly different among groups with different plasma drug concentrations. 

Conc. = concentration. 


12/41 (29.3) 





concentrations, and particularly common among older 
patients with inferior myocardial infarctions and high 
plasma drug concentrations (p <0.05, Figure 6). The 
presence of anterior myocardial infarction or 8 blocker 
therapy did not increase the incidence of atrioventricu- 
lar block. For a variety of other cardiovascular adverse 
experiences, including unstable angina, atrial bradycar- 
dia, hypotension, pulmonary congestion and congestive 
heart failure, plasma diltiazem concentrations were not 
different for patients with an adverse experience com- 
pared to those without it. 

PRIMARY END POINT ANALYSIS: Primary end point 
analysis of the trial suggested a bidirectional interaction 
between the presence of pulmonary congestion and the 


C] DPC < 150 
EE DPC > 150 


% AV block 


0 No inf MI Inf MI 


No inf MI Inf MI 


Age < 59 yrs. Age > 59 yrs. 


FIGURE 6. Frequency (%) of occurrence of second- or third- 
degree atrioventricular (AV) block in the coronary care unit, 
as a function of patient age, presence or absence of inferior 
myocardial infarction (inf MI), and diltiazem plasma concen- 
tration (DPC). Fractions above each bar indicate number of 
patients developing atrioventricular block (numerator) and to- 
tal number of patients in the group represented (denomina- 
tor). While inferior myocardial infarction, older age and higher 
drug concentration were each associated with an increased 
likelihood of atrioventricular block, there was a significant in- 
teraction among these factors, in that patients with inferior 
myocardial infarctions and high drug concentrations, particu- 
larly the older age group, accounted for most of the increased 
risk in each category. Patients with only 1 of these risk fac- 
tors did not have a markedly higher rate of occurrence of 
atrioventricular block. 


1426 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 66 








effects of diltiazem on mortality.!> Patients without pul- 
monary congestion had a lower mortality rate when 
treated with diltiazem, whereas patients with pulmo- 
nary congestion randomized to diltiazem had a higher 
mortality rate than those receiving placebo. To deter- 
mine whether this interaction was related to plasma 
drug concentration, we divided patients into plasma 
concentration quartiles. Because time from the last dose 
of diltiazem was a major determinant of plasma concen- 
tration, we determined the concentrations of diltiazem 
that divided the distribution of concentrations into quar- 
tiles at each hourly interval after drug administration. 
Patients were thus assigned to groups based on whether 
their plasma drug concentrations fell into the highest 
quartile, lowest quartile, or middle half of the plasma 
concentration distribution within the cohort of samples 
drawn at the same time relative to drug ingestion. As 
summarized in Table II, the mortality rate was not in- 
creased in patients with higher drug concentrations and 
pulmonary congestion compared to those with lower 
concentrations. 


DISCUSSION 

We found that a variety of factors determine diltia- 
zem plasma concentrations in a postinfarction popula- 
tion. Furthermore, plasma concentrations of the drug 
bear an important relation to a variety of therapeutic 
and toxie effects. 

Determinants of plasma concentration: The major 
determinants of diltiazem concentration were the inter- 
val from the last drug dose, the dose taken, height, age 
and left ventricular dysfunction as indicated by pul 
monary congestion. Diltiazem concentrations decreased 
with a half-life of 5.9 hours, a value similar to the mean 
half-life (4.8 hours, range 3.4 to 7.4) previously report- 
ed.4-8.11.16 A first-order decline in diltiazem concentra- 
tion was not observed in our patients until 6 hours after 
an oral dose. A similar phenomenon has been noted in 
another study,* and is explained by continuing enteric 
absorption for several hours. Because of continued ab- 
sorption, plasma concentrations do not decrease by 50% 
until about 10 hours after an oral dose, explaining the 
clinical efficacy of diltiazem given at intervals substan- 
tially longer than its elimination half-life. 

We found it surprising that the diltiazem dose pre- 
scribed did not correlate with drug concentration. The 
reason for this became clearer when we analyzed the 
dose taken (as estimated by pill counts), and found it to 
be strongly related to plasma concentrations. Variability 
in compliance therefore accounted for the poor relation 
between prescribed dose and blood levels. This empha- 
sizes the importance of pill counts (or plasma concen- 
tration measurements, or both) in establishing true 
dose-related phenomena in a clinical trial. 

Patient height was a more important determinant of 
diltiazem concentration than body weight. This suggests 
that, although diltiazem is lipid soluble, it is distributed 
predominantly in lean body mass. Lidocaine, also a very 
fat-soluble drug, likewise has a volume of distribution - 
that is closely related to lean body weight.!’ 





S 
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Diltiazem concentrations for a given dose increased 
substantially with age, approximately doubling over the 
age range from 25 to 75. Previous studies have shown 
that diltiazem’s half-life is longer in elderly volunteers, ! 
and that diltiazem clearance is reduced in elderly hyper- 
tensive patients.'* The age-dependent disposition of dil- 
tiazem resembles that of lidocaine in a similar popula- 
tion.!® The increase in diltiazem concentrations that we 
observed in association with evidence of left ventricular 
dysfunction is also similar to previous observations with 
lidocaine.!8-2° The parallels between the disposition of 
diltiazem and lidocaine may be due to the high lipid 
solubility*!’ and high-efficiency hepatic metabolism?! 
that the compounds share. Heart failure reduces liver 
blood flow and therefore plasma clearance of such 
agents,” resulting in a higher concentration for the 
same dose. 

Significance of diltiazem concentrations: We found 
that diltiazem concentrations were a significant deter- 
minant of diastolic arterial pressure. This is compatible 
with the concentration-related hypotensive actions of 
the drug.” The lack of concentration-related changes in 
heart rate and systolic pressure suggests that these are 
less affected by the compound or are subject to greater 
variability, which masks diltiazem’s contribution. The 
lack of concentration-related antianginal actions may 
have been due to a flat dose-response curve,” al- 
though this has not been a universal finding.” Be- 
cause this study was not designed to detect or to quanti- 
fy the drug’s antianginal properties, no strong conclu- 
sions regarding antianginal actions can be drawn. 

Diltiazem concentrations were a determinant of the 
occurrence of atrioventricular block and the need for 
temporary pacemaker therapy. To our knowledge, this 
is the first clinical trial to demonstrate that plasma con- 
centration is an important determinant of diltiazem-re- 
lated atrioventricular block in a postinfarction popula- 
tion. It is in keeping with the previously demonstrated 
concentration-dependent effects of diltiazem on atrio- 
ventricular conduction in experimental animals" and in 
man P Atrioventricular block associated with high diltia- 
zem levels in the coronary care unit was particularly 
likely among older patients with inferior myocardial in- 
farctions (Figure 6), indicating that such patients are 
predisposed to this potential complication of diltiazem 
therapy. 

Clinical implications: We found that plasma diltia- 
zem concentrations in a large postinfarction population 
can be related to important clinical predictors, and that 
concentrations in turn relate to beneficial and adverse 
drug actions. These observations support the consider- 
ation of factors altering drug concentration in deciding 
on an initial diltiazem dose, and provide further ratio- 
nale for clinical practices such as the use of smaller ini- 
tial doses of diltiazem in the elderly and in patients with 
left ventricular dysfunction. Our results urge caution in 
the selection of diltiazem dosages for patients with 
acute inferior myocardial infarction, particularly for the 
elderly, because of an increased risk of concentration- 
related atrioventricular block. 


We studied plasma concentrations in order to gain 
insights into factors that govern the relation between 
diltiazem dose and clinical actions. Monitoring of plas- 
ma concentrations plays at most a small role in guiding 
diltiazem therapy, and final dose selection in all cases 
should be based on individual patient responses. 

Finally, our results indicate the value of incorporat- 
ing plasma drug concentration measurements in large 
clinical drug trials. Along with carefully collected clini- 
cal data, the availability of plasma concentrations al- 
lows for valuable insights into drug pharmacokinetics 
and pharmacodynamics in a large patient sample. This 
information may reflect the patient population treated 
with the drug in ways that smaller volunteer studies 
cannot. 


Acknowledgment: We thank Léna Barbeau and 
Lise de Repentigny for typing this manuscript, as well 
as Phillip Miller (Washington University, St. Louis, 
Missouri) and Eric Carleen and Robert Annecharico 
(University of Rochester, Rochester, New York) for 
help with data processing and analysis. 


REFERENCES 

1. Rutherford JD, Braunwald E, Cohn PF. Chronic ischemic heart disease. In: 
Braunwald E, ed. Heart Disease. Third Edition. New York: W.B. Saunders, 
1988:1314-1378. 

2. McAuley BJ, Schroeder JS. The use of diltiazem hydrochloride in cardiovascu- 
lar disorders. Pharmacotherapy 1982;2:121-133. 

3. Echizen H, Eichelbaum M. Clinical pharmacokinetics of verapamil, nifedipine 
and diltiazem. Clin Pharmacokinetics 1986;11:425-449. 

4. Hermann PH, Rodger SD, Remones G, Thenot JP, London DR, Morselli PL. 
Pharmacokinetics of diltiazem after intravenous and oral administration. Eur J 
Clin Pharmacol 1983;24:349-352. 

5. Kölle EU, Ochs HR, Vollmer KO. Pharmacokinetic model of diltiazem. 
Arzneim-Forsch \983;33:972-977. 

6. Smith MS, Verghese CP, Shand DG, Pritchett ELC. Pharmacokinetic and 
pharmacodynamic effects of diltiazem. Am J Cardiol 1983;51:1369-1374. 

7. Pozet N, Brazier JL, Aissa AH, Khenfer D, Faucon G. Pharmacokinetics of 
diltiazem in severe renal failure. Eur J Clin Pharmacol 1983;24:635-638. 

8. Grech-Bélanger O, Langlois S, LeBoeuf E. Pharmacokinetics of diltiazem in 
patients undergoing continuous ambulatory peritoneal dialysis. J Clin Pharmacol 
1988;28:477-480. 

9. Bloedow DG, Piepho RW, Nies AS, Gal J. Serum binding of diltiazem in 
humans. J Clin Pharmacol 1982;22:201-205. 

10. Pieper JA. Diltiazem binding to human serum proteins. Clin Pharmacol Ther 
1984;35:266. 

11. Morselli PL, Rovei V, Mitchard M, Durand A, Gomeni R, Larribaud J. 
Pharmacokinetics and metabolism of diltiazem in man (observations on healthy 
volunteers and angina pectoris patients). In: Bing RJ, ed. New Drug Therapy 
With a Calcium Antagonist. Diltiazem Hakone Symposium. Amsterdam: Ex- 
cerpta Medica, 1978:152-168. 

12. Schwartz JB, Abernethy DR. Responses to intravenous and oral diltiazem in 
elderly and younger patients with systemic hypertension. Am J Cardiol 1987; 
59:1111-1117. 

13. The Multicenter Diltiazem Postinfarction Trial Research Group. The effect 
of diltiazem on mortality and reinfarction after myocardial infarction. N Engl J 
Med 1988;319:385-392. 

14. Sachs L. Applied statistics. New York: Springer Verlag, 1984. 

15. Grossman W. Blood flow measurement: the cardiac output. In: Grossman W, 
ed. Cardiac Catheterization and Angiography. 2nd ed. Philadelphia: Lea & 
Febiger, 1980:89-102. 

16. Kinney EL, Moskowitz RM, Zelis R. The pharmacokinetics and pharmacolo- 
gy of oral diltiazem in normal volunteers. J Clin Pharmacol 1981;21:337-342. 
17. Nattel S, Gagné G, Pineau M. The pharmacokinetics of lignocaine and beta 
blockers in patients with acute myocardial infarction. Clin Pharmacokinetics 
1987;13:293-316. 

18. Cusson J, Nattel S, Matthews C, Talajic M, Lawand S. Age-dependent 
lidocaine disposition after acute myocardial infarction. Clin Pharmacol Ther 
1985;37:38 1-386. 

19. Thomson PD, Melmon KL, Richardson JA, Cohn K, Steinbrunn W, Cudihee 


THE AMERICAN JOURNAL OF CARDIOLOGY DECEMBER 15,1990 1427 





AE 


angina. J Am Coll Cardiol 1983;1: 1144-1153. ZA A ZK 
28. Go M Jr, Hollenberg M. Improved efficacy SE et 
low-dose diltiazem therapy for chronic stable angina pectoris. Am J Ca ir 
1984;53:669-673. 
29. Lindenberg BS, Weiner DA, McCabe CH, Cutler SS, Ryan TJ, Klein MD. 


TH RL, Pepine Gİ. "uge EN Efficacy and safety of incremental doses of diltiazem for In E Al: 
iazen administration. Am Heart J 1986;111:54-61. angina pectoris. J Am Coll Cardiol 1983;2: 1129-1133. EAS 
: e efficacy and tolerance to three doses of diltiazem in elderly 30. (A, Nattel S. iy pa aes a effects of erof 
nts with stable angina. Eur J Clin Pharmacol 1988;33:561-564. 
NS og SC; Bonanno JA, Salel AF, Dennish GW. The treatment of 


D 








Prehospital Thrombolysis in 
Acute Myocardial Infarction 
Joachim Schofer, MD, Jochen Büttner, MD, Gabriele Geng, BS, Klaus Gutschmidt, MD, 


Hans N. Herden, MD, Detlef G. Mathey, MD, Heinz P. Moecke, MD, Peter Polster, MD, 
Alexander Raftopoulo, MD, Florence H. Sheehan, MD, and Peter Voelz, MD 


The benefit and risk of prehospital thrombolysis for 


acute myocardial infarction (AMI) were evaluated 
in a double-blind randomized trial. Patients pre- 
senting <4 hours after symptom onset received 2 
million units of urokinase as an intravenous bolus 
either before (group A, n = 40) or after (group B, n 
= 38) hospital admission. The mean time interval 
from onset of symptoms to thrombolytic therapy 
was 85 + 51 minutes in group A and 137 + 50 
minutes in group B (p <0.0005). In 91% of the pa- 
tients, thrombolytic therapy was administered <3 
hours after symptom onset. Complication rates 
during the pre- and in-hospital period were low and 
did not differ between groups. Three patients died 
(1 in group A, 2 in group B) from reinfarction 7 to 
14 days after admission. Left-sided cardiac cathe- 
terization before discharge revealed a patency rate 
in the infarct-related artery of 61% in group A and 
67% in group B (difference not significant). Global 
left ventricular function and regional wall motion at 
the infarct site did not differ significantly between 
group A and B (ejection fraction 51 + 10%, n = 28 
vs 53 + 14%, n = 28; wall motion —2.3 + 1.3 vs 
—2.2 + 1.1 standard deviation, respectively). Also, 
peak creatine kinase did not differ significantly 
(838 + 634 U/Jlter in group A vs 924 + 595 U /liter 
in group B). Prehospital thrombolysis using a bolus 
injection of urokinase has a low risk when per- 
formed by a trained physician with a mobile care 
unit. The saving of 45 minutes in the early stage of 
an acute infarction through prehospital thromboly- 
sis did not appear to be important for salvage of 
myocardial function. 

(Am J Cardiol 1990;66:1429-—1433) 
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the time from onset of acute myocardial infarction 

(AMI) to reperfusion is a major determinant of 
myocardial salvage and mortality.!-> Uncontrolled clini- 
cal studies have suggested the possible value of prehos- 
pital thrombolysis, achieved by starting therapy in a 
mobile care unt 37 However, the possible benefit of pre- 
hospital thrombolysis may be outweighed by an in- 
creased risk. This article presents the data of the first 
double-blind randomized trial evaluating the risk and 
benefit of prehospital thrombolysis in AMI. 


I: is known from experimental and clinical studies that 


METHODS 

Patients: Seventy-eight patients (66 men, 12 wom- 
en, mean age + standard deviation 55 + 8 years) who 
met the following criteria were included in the study: 
(1) severe chest pain typical for myocardial ischemia 
lasting >30 minutes, (2) arrival of the ambulance doc- 
tor within 4 hours after the onset of symptoms, (3) 22 
mm of ST-elevation in =2 electrocardiographic leads 
for inferior AMI and =3 mm of ST-elevation in 22 
precordial leads for anterior AMI, (4) age <70 years, 
(5) no prior AMI, and (6) no contraindications against 
thrombolysis. 

Study protocol: The protocol is shown in Figure 1. 
The mobile care units used in the study were staffed 
with a physician and 2 emergency medical technicians. 
A portable electrocardiograph (Cardiotest, Hellige, 
Freiburg, Federal Republic of Germany) and resuscita- 
tion equipment were available. For randomization and 
double-blind thrombolytic therapy, Medac (Hamburg, 
Federal Republic of Germany) prepared numbered 
pairs of ampules containing either urokinase in ampule 
A and placebo in ampule B, or vice versa. After in- 
formed consent was obtained, a peripheral intravenous 
line was placed, and the patient was randomly assigned 
to the next in the series of ampule pairs. The contents of 
ampule A were dissolved in 20 ml of injectable water as 
fast as possible. After hospital admission a 12-lead elec- 
trocardiogram was recorded and the patient was reeval- 
uated by the hospital doctor. Patients who still met the 
electrocardiographic inclusion criteria and had no con- 
traindications to thrombolytic therapy received an intra- 
venous injection of ampule B followed by heparin 
(1,000 U/hour). The patient was then transferred to the 
intensive care unit. Blood samples were drawn for cre- 
atine kinase measurements at routine time intervals (ev- 
ery 4 to 8 hours for the first 24 hours). Coronary and 
left ventricular angiography were performed before hos- 
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TABLE I Comparison of Baseline Characteristics in Patients 
Randomized to Prehospital Versus In-Hospital Thrombolytic 
Therapy 










Prehospital In-Hospital 


38 








No. of patients 















Age, years (mean + SD) 57+7 55+8 
Anterior AMI (%) 47 32 
Number of narrowed 
coronary arteries (%)* 
Er 53 (31)' 38 (30) 
2 40 (31) 41 (30) 
3 7 (31) 21 (30) 
Initial clinical status 
Blood pressure (mm Hg) 
Systolic (mean + SD) 141 + 23 (39) 137 + 32 
Diastolic (mean + SD) 86 + 14 (39) 82+17 
Cardiogenic shock (%) 6 6 
Pulmonary congestion (%) 17 14 
Resuscitation (%) 5 3 







* Disease 250% diameter stenosis. 
t Where data are incomplete, the number of observations is indicated in parenthe- 






S. 
AMI = acute myocardial infarction; SD = standard deviation. 





pital discharge unless clinical instability necessitated 
earlier catheterization. 

Evaluation of clinical status and complications: 
Clinical status and complications were closely observed 
during transportation and in the hospital. The electro- 
cardiogram was continueusly monitored during trans- 
portation. Bleeding complications were recorded by site 
and need for blood transfusion. Reinfarction was de- 
fined as a new onset of symptoms combined with typical 
electrocardiographic changes or a secondary peak of 
creatine kinase to more than twice the upper limit of 
normal, or both. 

Analysis of coronary angiograms and left ventricu- 
lar function: All angiograms were analyzed at the Uni- 
versity of Washington. The infarct artery was identified 
from the location of (1) ST elevation on the electrocar- 
diogram; (2) hypokinetic wall motion in the ventriculo- 


Acute MI: prehospital vs. inhospital thrombolysis 
PROTOCOL 


acute MI 
(symptoms $ 4 hours) 


eae” 
1st placebo 
injection l 
| 


| | 
| 
placebo 


urokinase 
(2 Lee units i.v.) 


2nd urokinase 
(2 millions units i.v.) 


injection 


conventional therapy 


Clinical instability: 
cor. angiography 


coronary & left ventricular angiography 
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Time Intervals 





Prehospital In-Hospital 

Group Group 

(n = 40) (n = 38) 
Onset ofsymptoms 
— call ofambulance (+47) (+46) 
Call of ambulance 33 min 31 min NS 
— first imection (+15) (+12) 
First injection 27 min 29 min NS 
— admission (+14) (+13) 
Admission 14min 14min NS 
— second injection (+13) (+13) 


NS = not significant. 


gram; and (3) residual stenosis or thrombotic material, 
or both, in the coronary artery. 

Coronary artery patency was defined as complete 
filling of the suspected infarct artery with a delayed or 
normal runoff of the contrast medium. (Thrombolysis 
in Myocardial Infarction Trial perfusion grade 2 or 3). 
Coronary angiograms were assessed by 2 independent 
observers. Left ventricular function was measured from 
tracings of the end-diastolic and end-systolic endocardi- 
al contours by the area-length and centerline methods, 
respectively.®!2 

Statistics: For calculation of differences between the 
groups, the Mann-Whitney test was used. 


RESULTS 

Accuracy of the diagnosis: In | patient the diagnosis 
of an AMI could not be confirmed at hospital admis- 
sion. He had a pulmonary embolism, and his data were 
not included in the present analysis. 

Comparison between the groups: Of the 78 pa- 
tients, 40 were randomized to receive the 2 million units 
of urokinase at home before hospital admission (group 


prehospital 
period 


FIGURE 1. Study protocol. cor. = coro- 
nary; MI = myocardial infarction; i.v. = in- 
travenous. 


inhospital 
period 





"el 


( 


a wn i 2 E A 


A) and 38 patients were treated in the hospital (group 
B). Both patient groups were comparable at baseline 
(Table I). In particular, the incidence of cardiogenic 
shock, pulmonary congestion and need for resuscitation 
as assessed by the ambulance doctor was similar in both 
groups. Angiography was performed before hospital dis- 
charge in 31 of 40 patients in group A and in 30 of 38 
patients in group B. Angiography was not performed in 
17 patients because of death before discharge (n=3), 
refusal by the patient (n=4), a wrong diagnosis (n=1), 
and logistic difficulties in studying patients from other 
cities (n=9). 

Time intervals: The time from onset of chest pain 
until the ambulance was called was as short as 52 and 
63 minutes in group A and group B, respectively, and 
did not differ significantly between the groups (Table 
II). Urokinase was administered to group A patients an 
average of 33 minutes later. In group B, however, 
thrombolytic therapy was delayed by an additional 43 
minutes. As a result of the time gained by prehospital 


FIGURE 2. Number of patients who re- 
ceived thrombolytic therapy within 1 hour, 
between 1 and 2 hours, between 2 and 3 
hours, and between 3 and 4 hours after 
symptom onset, respectively. 
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thrombolysis, urokinase was administered >2 hours af- 
ter symptom onset in only 4 of 40 patients (10%) in 
group A vs 20 of 38 (53%) in group B (Figure 2). The 
mean time to treatment was 85 + 51 minutes in group 
A and 137 + 50 minutes in group B (p <0.0005). 
Angiographic data and creatine kinase: The paten- 
cy rate in the infarct-related artery prehospital dis- 
charge was 61% in group A and 67% in group B, and 
was similar in anterior and inferior AMI. Neither maxi- 
mum creatine kinase nor left ventricular function dif- 
fered significantly between groups A and B (Figure 3). 
To evaluate the effect of thrombolytic therapy, pa- 
tients with a patent infarct vessel were compared with 
patients in whom the infarct vessel was occluded at dis- 
charge. As evident from Figure 4, the left ventricular 
ejection fraction was significantly higher in patients 
with patent infarct vessels (55 + 10%) than in patients 
with occluded vessels (47 + 14%, p = 0.025). Hypoki- 
nesia at the infarct site averaged —2.0 + 1.1 standard 
deviation in patients with a patent vessel and —2.7 + 


m Pre Hospital 
a In Hospital 


Time from symptom onset to thrombolysis, hrs. 


FIGURE 3. Comparison of the maximal 
creatine kinase (CK), left ventricular (LV) 
ejection fraction (EF) and wall motion at 
the infarct site between the prehospital 
and the in-hospital group. The differences 
were not statistically significant (n.s.). SD 
= standard deviation from the normal 
mean. 


Wall 
Motion 


SD/chord 
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Thrombolysis 


Prehospital Inhospital 


838+635 U/1 
(n=36) 


9244595 U/1 
ie (n=35) 


50.710 
(n=28) 
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TABLE Ill Complications in the Prehospital Period 


Prehospital 
Group (n = 40) 


In-Hospital 
Group (n = 38) 


Drop in blood pressure 
(<90 mm Hg systemic or 
Ap >30 mm Hg) 

Ventricular fibrillation 

Intubation 

Cardiac massage 

Bleeding complications 

Wrong diagnosis 

Death 


TABLE IV Complications During Hospitalization 


Prehospital 
Group (n = 40) 


In-Hospital 
Group (n = 38) 


Ventricular tachycardia 

Ventricular fibrillation 

Bradycardia (<40/min) 

Pulmonary congestion 

Bleeding complications 
Puncture site 
Hematuria 
Gastrointestinal 
Cerebral 

Postinfarct angina 

Reinfarction 

Death 

PTCA/CABG 


CABG = coronary artery bypass surgery; PTCA = percutaneous transluminal coro- 
nary angioplasty. 


1.1 SD in patients with an occluded vessel (p <0.02). 
These data suggest that reperfusion resulted in a signifi- 
cant preservation of left ventricular function. 

Stress test before discharge: Submaximal bicycle 
exercise testing, using the Bruce protocol,® yielded simi- 
lar results in both groups: The average maximal work 
load was 93 + 30 W in group A and 82 + 30 W in 
group B, and the maximal heart rate 119 + 15 beats/ 


Infarct Vessel 
Patent 
(n=36) 


54.8+10 
p=0.025 


Wall VY 


Motion 


SD/chord 
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min in group A, 123 + 20 beats/min in group B. The 
stress test was terminated because of dyspnea in 6 group 
B patients and 1 group A patient, angina pectoris in 2 
group A patients, and significant ST-segment depres- 
sion in 2 group A patients and 1 group B patient. 

Complications: Complications during the prehospital 
phase were equally distributed between the 2 groups 
(Table III). 

During the hospital phase (Table IV) 3 patients died 
(1 in group A and 2 in group B) from reinfarction 7 to 
14 days after admission. Ventricular fibrillation tended 
to occur more often in group A than in group B patients 
(4 of 40 vs 1 of 38, respectively, difference not signifi- 
cant). Bleeding complications were rare, and no transfu- 
sions were necessary. One group B patient had gross 
hematuria due to oral anticoagulation. 


DISCUSSION 

In an earlier study we demonstrated that the time 
from onset of symptoms to thrombolytic therapy is a 
major determinant of myocardial salvage in patients 
with AMI.” 

Thrombolytic therapy initiated <2 hours after the 
onset of symptoms improved regional left ventricular 
function and reduced infarct size more than therapy de- 
layed by 3 to 5 hours. To further shorten the time to 
thrombolysis, some investigators advocate administering 
thrombolytic agents in the mobile care unit.45 Koren et 
al* found significantly better left ventricular function 
and a lower QRS score and left ventricular end-diastolic 
pressure in a small group of patients treated in the mo- 
bile care unit than in patients treated in the hospital. 
The data of Martens et al’ suggest that patients treated 
in a mobile care unit have a higher reperfusion rate 
than patients treated after hospital admission. These 
clinical data indicate a possible role for initiating emer- 
gency treatment of AMI with streptokinase in the pa- 
tient’s home. Because controlled studies addressing this 
important question were lacking, we performed a ran- 
domized double-blind trial to study the benefit and risk 


Occluded 
(n=20) 


46.64+14 


FIGURE 4. Comparison of left ventricular 
(LV) ejection fraction (EF) and wall motion 
at the infarct site between patients with a 
patent versus occluded infarct vessel at 
discharge. SD = standard deviation. 


of prehospital thrombolysis in patients with AMI. Uro- 
kinase was selected as the thrombolytic agent because it 
was shown in a previous study to be effective when giv- 
en as a bolus injection of 2 million units.? Hypotension, 
known to be present after rapid intravenous infusion of 
streptokinase,!° is not observed after administration of 
an intravenous bolus of urokinase. 

Time gained by prehospital thrombolysis: The 
mean time interval between onset of symptoms and pre- 
hospital administration of urokinase was 85 minutes, in- 
dicating that the patients studied were in a very early 
stage of AMI. Thrombolytic therapy within this time 
limit would be expected to be particularly effective in 
salvaging myocardium. The time gained by prehospital 
thrombolysis was 45 minutes, which is comparable to 
that of Koren et alt (42 minutes) and Bippus et al!! (46 
minutes), although the patients of Koren were treated 
in the mobile care unit on the way to the hospital. Con- 
sidering that 90% of patients in the prehospital group 
but only 46% of patients in the inhospital group received 
thrombolytic therapy within the first 2 hours of their 
MI, a significant difference in infarct size would be ex- 
pected in the former group. This, however, was not the 
case in the present study. 

There are several factors that may explain these 
findings. First, the time saved by prehospital therapy, 
43 minutes, included 29 minutes to transport the patient 
to the hospital and only 14 minutes to reconfirm the 
diagnosis, reassess the inclusion and exclusion criteria, 
and administer ampule B. Since the time from hospital 
admission to thrombolytic therapy is usually 45 minutes 
in the hospitals involved in the present study, this time 
interval in the present study was unusually short, and 
undoubtedly underestimates the time savings that could 
be expected. 

Second, as a result of the rapid in-hospital therapy, 
there was a large overlap in time to treatment between 
the patients randomized to prehospital versus in-hospi- 
tal therapy. In contrast, in an earlier study,” a fixed cut 
point of 2 hours was applied empirically to divide the 
patients into early versus late treatment groups. Koren 
et al‘ also applied a fixed cut point, 1.5 hours, which is 
presumably empirical. This approach to data analysis is 
less robust statistically than the randomized, double- 
blind design used in the present study.'? 

Third, because pretreatment angiography was not 
performed, patients with subtotal occlusions could not 
be excluded. Previous studies show that up to 20% of 
patients presenting with AMI and meeting the entry 
criteria of the present study have subtotal occlusions, 
and that left ventricular function subsequently improves 
whether or not they receive thrombolytic therapy.'? 
Also, because only late patency was determined, the 
data of unsuccessfully treated patients further diluted 
the results. 

Fourth, because of the rapidity with which in-hospi- 
tal therapy was initiated, the range of time to treatment 
was narrow (<3 hours in >91% of the study group). 
This also tended to reduce sensitivity for detecting a re- 
lation between ventricular function and time. 

Complications: Although no beneficial effect of pre- 
hospital thrombolysis on myocardial salvage could be 


demonstrated in the present study, our data indicate 
that prehospital thrombolysis is safe and promising 
enough to warrant further study. Only 1 patient was 
misdiagnosed and treated by the ambulance doctor; he 
had a pulmonary embolism. Complications in the pre- 
hospital phase were rare in both groups. In particular, 
the urokinase bolus did not cause hypotension and re- 
perfusion did not increase the incidence of life-threaten- 
ing arrhythmias.'4 No bleeding complications occurred 
in the prehospital phase and the in-hospital bleeding 
rate was comparable to that of thrombolysis with uroki- 
nase in another controlled trial.!> The reinfarction rate 
was 10 and 13% in groups A and B, respectively. The 
overall in-hospital mortality rate was very low, 3.8%. All 
patients who died 7 to 14 days after the acute infarction 
had reinfarction; in no patient was death the direct con- 
sequence of prehospital or in-hospital thrombolysis. 
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Acute Myocardial Infarction and Chest Pain 
Syndromes After Cocaine Use 


Mahesh Amin, MD, Gary Gabelman, MD, Jill Karpel, MD, and Peter Buttrick, MD 


Seventy patients hospitalized with chest pain after 


cocaine use were retrospectively evaluated to de- 
fine the risk and clinical course of acute myocardial 
infarction (AMI). AMI developed in 22 patients 
(31%) and transient myocardial ischemia was seen 
in an additional 9 patients (13%). Coronary risk 
factors did not distinguish those who developed 
AMI from those who did not. The presenting elec- 
trocardiogram was abnormal in 20 of 22 patients 
who evolved AMI and in 19 of 48 of those who did 
not. Creatine kinase levels were elevated in 75% of 
the patients, including 65% of those who did not 
develop AMI, but creatine kinase-MB elevations 
were only observed in the AMI group. The route of 
cocaine administration did not predict AMI and 
there was no predilection for a particular coronary 
vascular bed. The length of time between drug use 
and onset of AMI pain was often quite prolonged 
(median interval, 18 vs 1 hour in the non-AMI 
group). Eight of the patients with AMI underwent 
cardiac catheterization and 4 had significant coro- 
nary narrowing. 

(Am J Cardiol 1990;66:1434-1437) 
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t is estimated that 30 million Americans have used 

cocaine at least once. Of these, 6 million use cocaine 

regularly and 1 million are compulsive users. Fur- 
thermore, there are 5,000 new users daily.! In addition 
to the socioeconomic problems associated with cocaine 
addiction, its use has resulted in the occurrence of many 
serious disorders including hyperthermia, status epilep- 
ticus, cerebrovascular accidents, intestinal ischemia, res- 
piratory arrest, cardiac arrhythmias and myocardial in- 
farctions.* Currently, only case studies and small series 
of patients with acute myocardial infarction (AMI) at- 
tributed to cocaine use have been reported 227 We re- 
viewed the records of a larger cohort of patients present- 
ing with chest pain after cocaine use to determine the 
characteristics of those who had AMI and to describe 
their clinical course. 


METHODS 

Using ICD-9 codes, a list of patients admitted to the 
Montefiore Medical Center and North Central Bronx 
Hospital with a history of chest pain and cocaine use 
between January 1985 and February 1989 was ob- 
tained. A second list of patients was generated by cross- 
referencing myocardial infarction and coronary artery 
disease with cocaine use. The medical charts of these 
patients were reviewed to obtain the following data: cor- 
onary risk factors, route of cocaine administration, time 
of chest pain after last cocaine use, electrocardiographic 
changes, peak creatine kinase, creatine kinase-MB frac- 
tion, stress tests and cardiac catheterization results. 

Admission electrocardiographic abnormalities (in- 
verted T waves, ST-segment depressions or elevations, 
or Q waves) were described as anterior if changes were 
present in leads V; to V4, inferior if changes appeared in 
leads II, ID and aVF, and lateral if changes were pres- 
ent in leads I, aVL, V; and V¢. Ischemia was defined as 
an electrocardiographic change that occurred with chest 
pain and improved with pain resolution. Creatine ki- 
nase-MB was absent in this group. 

Myocardial infarction was defined by a characteris- 
tic increase in the creatine kinase-MB fraction in associ- 
ation with typical chest pain or abnormal electrocardio- 
gram, or both. These criteria are similar to those used 
by other major cardiovascular studies.** Enzyme levels 
were measured every 8 hours for 24 hours and at least 
once daily thereafter until normal. Because of different 
calibration standards, creatine kinase-MB fractions 
>5% at Montefiore Medical Center and >3% at North 
Central Bronx Hospital are defined as abnormal. Cardi- 
ac catheterizations and exercise stress tests were per- 
formed and interpreted using standard protocols.2>,?6 


Statistical differences between the means of continu- 
ous variables were analyzed using the unpaired Stu- 
dent’s ¢ test or, for skewed samples, the Wilcoxon rank- 
sum test. Categorical data were analyzed by chi-square 
_ tests with the Yates’ correction or, when appropriate, 
Fisher’s exact test. A probability of 0.05 was statistical- 
ly significant. 


RESULTS 

Between January 1985 and February 1989, 75 ad- 
missions coded for chest pain and cocaine use were 
identified. Of these, 70 charts (93%) were available for 
review. The number of hospital admissions for both of 
these conditions increased continuously over this 4-year 
period, from 2 admissions for chest pain and 1 for AMI 
in 1985, to 36 for chest pain and 11 for AMI in 1988. 
The mean (+ standard error of the mean [SEM]) age 
of all patients presenting with chest pain after cocaine 
use was 34 + 9 years. There were 56 men (80%). Table 
I contrasts the demographic characteristics of the AMI 
and non-AMI (which includes 9 patients with ischemia) 
groups and Table II summarizes clinical features of the 
22 patients who developed AMI. The mean (+ SEM) 
age in the AMI group was 36 + 10 years and was not 
significantly different from the non-AMI group (age 33 
+ 9 years). Of the 22 patients with AMI, 21 were men 
(95%; p <0.06 vs women). Thirty-five of 48 non-AMI 
patients (73%) were men (p <0.05). No patient had >2 
coronary risk factors and there was no statistical differ- 
ence in the incidence of risk factors noted between the 
AMI and non-AMI groups. 

Of the entire group of 70 patients, 25 smoked co- 
caine (as crack), 24 used intranasal cocaine and 8 used 
intravenous cocaine. For 13 patients the route of admin- 


TABLE I Clinical Characteristics 


AMI Non-AMI p Value 



















No. of pts. 


Age (years) 36 33 NS 
Male /female 21/1 35/13 0.06 
Systemic hypertension 5 5 NS 
Cigarette smoker 18 30 NS 
Diabetes mellitus 2 0 NS 
Serum total cholesterol 0 0 —-- 
(>220 mg/dl) 
Family history of CAD 1 0 NS 
Creatine kinase (IU) 1249 243 <0.001 
Abnormal admission ECG 20 19 <0.001 
Time from drug use (hours) 18 1 <0.12 







Data contrast patients with chest pain after cocaine use who developed acute 
myocardial infarction (AMI) with those who did not (non-AMI). 
CAD = coronary artery disease; ECG = electrocardiogram; NS = not significant. 


istration was not recorded. No route of administration 
was associated with an increased incidence of AMI. 

The median time (+ SEM) for onset of chest pain 
after cocaine use was 18 + 68 hours in the AMI group 
and 1 + 30 hours in the non-AMI group (p = 0.12, 
Wilcoxon rank-sum test). The time before the occur- 
rence of chest pain was not recorded for 5 patients, 1 in 
the AMI group and 4 in the non-AMI group. Evalua- 
tion of the admission electrocardiograms showed that 
all but 2 patients with AMI (91%) had abnormal ad- 
mission electrocardiograms, whereas most of the pa- 
tients (60%) in the non-AMI group had norma! electro- 
cardiograms (p <0.001). Of the remaining 40%, 9 had 
ischemic changes. 

Of the 22 patients with AMI, 11 had Q-wave and 11 
non-Q-wave infarcts. The mean (+ SEM) creatine ki- 
nase value was 1,249 + 1,520 IU/liter in the AMI 


TABLE Il Patients with Acute Myocardial Infarction After Cocaine Use 


Time to Chest 
Pain (hours) 


Site of 
Infarct 


Age (yr) 


Anterior 
Anterior 
Lateral 
Lateral 
Inferior 
Inferior 
Anterior 
Inferior 
Unclear 
Inferior 
Anterior 
Unclear 
Anterior 
Inferior 
Anterior 
Lateral 
Anterior 
Anterior 
Anterior 
Inferior 
Inferior 
Anterior 


Values are expressed as mean + standard error of the mean. 


Coronary 
Risk Factors 


Route of 
Administration 


Crack 
Intranasal 
Crack 
Intranasal 
Crack 
Crack 
Crack 
Intravenous 
Intranasal 
Intravenous 
Crack 
Intranasal 
Crack 
Intranasal 
Crack 
Intranasal 
Intranasal 
Intranasal 


1,249 + 1,520 


CK = creatine kinase; DM = diabetes mellitus; CS = cigarette smoker; SH = systemic hypertension; 0 = normal; — = not available. 
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group and 243 + 296 [U/liter in the non-AMI group. 
The mean (+ SEM) creatine kinase was 1,947 + 1,917 
IU/liter in patients with Q-wave infarcts and 551 + 
330 IU/liter in the non-Q-wave infarct group. None of 
the non-AMI patients had measurable creatine kinase- 
MB although the peak creatine kinase value was elevat- 
ed in 31 patients (65%) in the non-MI group. The elec- 
trocardiographic localization of the site of infarct dem- 
onstrates that no one coronary artery distribution was 
affected more than another (Table II). 

There was no clinical evidence of recurrent ischemia 
in the AMI group and there were no fatalities. One pa- 
tient who had a previous cocaine-associated AMI devel- 
oped congestive heart failure and had a left ventricular 
ejection fraction of <50% and 1 patient had nonsus- 
tained ventricular tachycardia. 

Eight of the AMI patients underwent cardiac cathe- 
terization. Four had coronary stenoses >70%: 1 in the 
left anterior descending artery, 1 in the right coronary 
artery, 1 in the obtuse marginal and 1 in both the left 
anterior descending and the right coronary arteries. 
Three patients had normal coronary arteries and 1 had 
an occlusive thrombus. The mean (+ SEM) left ventric- 
ular ejection fraction was 55 + 16%. In the non-AMI 
group, | patient underwent cardiac catheterization and 
had normal coronary anatomy. Four patients underwent 
exercise stress tests (3 in the AMI group and 1 in the 
non-AMI group). All of these results were negative for 
ischemia. 


DISCUSSION 

Cocaine is an alkaloid derivative of a plant grown in 
Central and South America. The effects of the drug are 
modulated by its ability to decrease reuptake of norepi- 
nephrine and dopamine.” The former causes tachycar- 
dia, vasoconstriction and hypertension, whereas the lat- 
ter causes hyperactivity, sexual excitement and addic- 
tion. 

During the last 2 decades cocaine has become more 
available and its usage has increased.?’ The increase in 
hospital admissions documented in our study may re- 
flect this trend or may reflect an increased awareness 
by health professionals of the medical complications of 
cocaine use. The first case report of myocardial infarc- 
tion after cocaine use was published in 1982 and since 
that time there have been an additional 41 reported 
cases.?-23 

We evaluated a large cohort of patients presenting 
with chest pain after cocaine use. One-third of these de- 
veloped AMI. This is the largest published experience 
of AMI after cocaine use and it allowed us the opportu- 
nity to contrast the clinical features of patients that did 
not have AMI with those that did. 

In our series, men were 4 times more likely to devel- 
op chest pain after cocaine ingestion and 6 times more 
likely to develop AMI than women. Although this ob- 
servation parallels the incidence of AMI in the general 
population,” it probably reflects a bias in our study 
population since men may have been more likely to use 
the drug. The average age of patients with AMI after 
cocaine use both in our study (36 years) and in previous 
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reports (31 years) was significantly lower than the mean 
age of patients with AMI in the general population, 
again reflecting the population at risk. 

Our data suggest that the initial electrocardiogram 
is the most sensitive predictor of who will develop AMI. 
However, because 2 patierits who were admitted with 
normal electrocardiograms went on to develop AMI, a 
normal electrocardiogram alone does not preclude this 
diagnosis. Creatine kinase alone is not helpful since the 
mean peak creatine kinase value for patients who had 
chest pain but did not develop AMI was greater than 
twice normal. This has been previously described in co- 
caine users and is considered to reflect skeletal muscle 
injury due to seizures, hyperthermia or compression.29 
In our series there were equal numbers of Q-wave and 
non-Q-wave infarcts. In contrast to published reports, in 
which 60% of cases had anterior wall infarctions, we 
found no predilection for any vascular distribution. 

Four of the 8 patients that underwent cardiac cathe- 
terization had significant coronary artery stenoses. This 
may represent a skewed population because only those 
suspected of having coronary artery disease may have 
been studied. Analysis of the 42 published case reports 
revealed 15 patients with normal coronary arteries, 10 
with thrombus and 10 with significant coronary artery 
stenoses.*-*> The benefits of catheterization or stress 
tests, or both, require further study before recommenda- 
tions can be made, especially in light of the benign clini- 
cal course noted in these patients with AMI. 

We also found that the likelihood of developing 
AMI after cocaine use was not affected by the route of 
administration, despite the fact that higher concentra- 
tions of cocaine are routinely attained after intravenous 
injection and smoking crack.? This suggests that AMI 
may not be due to primary effects of cocaine but rather 
to its secondary effects Oe, on platelets, the coagula- 
tion caseade, the vascular endothelium, or a combina- 
tion of these) leading to gradual thrombus formation.2° 
This is supported by the fact that the median time to 
onset of chest pain after cocaine ingestion was longer in 
patients who developed AMI than in those who did not. 
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Comparison of Thallium-201 and Technetium- 
99m Hexakis 2-Methoxyisobutyl Isonitrile Single- 
Photon Emission Computed Tomography for 
Estimating the Extent of Myocardial Ischemia 
And Infarction in Coronary Artery Disease 


Kenneth A. Narahara, MD, Javier Villanueva-Meyer, MD, Craig J. Thompson, BA, 
Marianne Brizendine, RN, and Ismael Mena, MD 





Single-photon emission computed tomography 
(SPECT) using thallium-201 (TI-201) was com- 
pared with technetium-99m hexakis 2-methoxyiso- 
butyl isonitrile (Tc-99m MIBI) in 24 patients with 
coronary artery disease. Patients exercised to the 
same work load as each isotope was studied. Nor- 
mal and hypoperfused left ventricular mass was de- 
termined with an automated method. 

Estimated total left ventricular mass was similar 
for both stress/redistribution TI-201 and stress/ 
rest Tc-99m MIBI images. The mean estimated de- 
fect size in the redistribution TI-201 images was 
32 + 34.7 vs 33 + 38.4 g in the resting Tc-99m 
MIBI studies (difference not significant). The indi- 
vidual determinations of defect mass were highly 
correlated (r = 0.93; p <0.0001). Estimated defect 
size in the stress TI-201 images (52 + 46.2 g) was 
significantly larger than the exercise Tc-99m MIBI 
estimates of defect mass (42 + 39.9 g; p <0.05). A 
linear correlation existed between stress thallium 
and technetium estimates of defect size (r = 0.85) 
but 15 of 24 Tc-99m MIBI defects were smaller 
than the TI-201 defects. Partial redistribution of 
Tc-99m MIBI could explain the discordance. 

Stress Tc-99m MIBI SPECT defect size deter- 
mined by visual interpretation or by the use of iso- 
count analysis may be smaller than what is seen 
with stress TI-201 SPECT. 

(Am J Cardiol 1990;66:1438-1444) 
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used frequently to detect the presence or absence 

of coronary artery disease'? and to predict the 
prognosis of patients with ischemic heart dsease 3 AL 
though Tl-201 imaging has enhanced the diagnostic 
abilities of clinicians, the isotope’s slow myocardial 
clearance and long physical half-life limit the injected 
dose. 

Recently, a number of technetium compounds have 
been evaluated as possible substitutes for TI-201 as an 
imaging agent in patients with known or suspected isch- 
emic heart disease.*° The isonitrile complexes have at- 
tracted considerable interest because they have a myo- 
cardial distribution that is flow dependent.6-8 In addi- 
tion, technetium is inexpensive, is readily available and 
can be administered in doses that would allow improved 
image quality.?-!6 

If the isonitrile compounds are used as a substitute 
for Tl-201 in perfusion imaging, it would be useful to 
establish the equality of defect size between the 2 
agents. Thus, we evaluated patients with known coro- 
nary artery disease using Tl-201 and technetium-99m 
2-methoxyisobutyl isonitrile (Tc-99m MIBI) as myo- 
cardial imaging agents. Single-photon emission comput- 
ed tomographic (SPECT) studies were obtained during 
exercise and after redistribution (or at rest). An auto- 
mated computer algorithm was used to estimate total 
left ventricular mass and defect size in these patients’ 2 
isotope studies. 


Ke (Tl-201) myocardial scintigraphy is 


METHODS 

Patient selection and exercise testing: Twenty-four 
patients were enrolled into this study (19 men and 5 
women). Twenty-three patients had a documented prior 
myocardial infarction and 14 patients had undergone 
cardiac catheterization. A history of chronic stable an- 
gina was present in 20 patients. All patients gave their 
informed consent to a protocol approved by the Har- 
bor-UCLA Medical Center Human Subjects Commit- 
tee. Nine patients underwent a symptom-limited tread- 
mill stress test using the Bruce protocol. The remaining 
patients exercised on an electronically braked upright 
bicycle with a work load commencing at 50 W and in- 
creasing 25 W every 3 minutes. 
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Patients exercised for an identical duration and to 
the same external work load during each stress test. The 
duration of the first test determined the duration of the 
second test. Three millicuries (mCi) of Tl-201 were in- 
jected during peak exercise, exercise was continued for 
an additional minute and imaging was begun within 5 
minutes. Redistribution Tl-201 imaging was performed 
3 to 4 hours after the initial stress imaging. During a 
separate study, 25 mCi of Tc-99m MIBI were injected 
during peak exercise through a peripheral vein and a 
30-second first transit radionuclide angiogram was ob- 
tained but is not reported in this communication. Isoni- 
trile perfusion imaging was performed 2 hours thereaf- 
ter.'7 A resting Tc-99m MIBI study was performed us- 
ing the same amount of isotope on a separate day. 
Resting Tc-99m MIBI imaging was performed before 
the stress isonitrile study in 9 of the 24 patients. Thalli- 
um-201 stress imaging preceded the technetium stress 
studies in 12 of the 24 patients. The order of the imag- 
ing was based on the availability of Tc-99m MIBI. The 
same type of exercise (treadmill or bicycle) was used for 
both the Tl-201 and the Tc-99m MIBI stress studies in 
each individual patient. All antianginal medications 
were continued without changes during both isotope 
studies. 

SPECT imaging: Studies were obtained on a large 
field-of-view rotating gamma camera (Technicare, 
Omega 500, Solon, Ohio) equipped with a parallel hole, 
general all-purpose collimator. The spectrometer was 
centered over the 80-keV emissions of Tl-201 with a 
20% window. Technetium isonitrile studies were ob- 
tained with a window set to record the 140-keV emis- 
sions. Thirty-two matrixes were obtained during a 180° 
rotation from a left posterior oblique to a 30° right an- 
terior oblique projection.!* Each 64 X 64 matrix was 
collected for 30 seconds during each of the 32 steps. 
Data processing was performed on a dedicated comput- 
er (Sopha SIMIS-5, Baltimore, Maryland) by means of 
a back projection algorithm with pure ramp filtering 
and no attenuation correction. Transaxial slices were 
then reconstructed and realigned into frontal and sagit- 
tal sections with the manufacturer’s software. Only re- 
aligned slices cut perpendicular to the long axis of the 
left ventricle (short-axis slices) were used for analysis in 
this study. No background subtraction was performed. 

Estimation of left ventricular mass and ischemic 
mass from SPECT: Estimated total left ventricular 
mass was determined using a method that has been vali- 
dated in this laboratory in an animal modell? and in 
patient studies.”°.?! The technique is capable of provid- 
ing accurate estimates of left ventricular mass with a 
5.9% mean absolute difference between a single T1-201 
stress and redistribution study pair and an average ab- 
solute difference of 7.2% when comparing the masses 
of 2 redistribution studies performed approximately 5 
weeks apart. Areas of significant hypoperfusion were 
defined as volume elements within the computer-de- 
fined myocardium in each short-axis slice that fell be- 
low 45% of the maximal counts in the left ventricle. Our 
previous work!? with Tl-201 SPECT has demonstrated 
that infarction determined histologically and biochemi- 


cally correlates well with estimates of infarct size de- 
rived with this technique. A defect detected by Tl-201 
SPECT or Tc-99m imaging that represented <7 g of 
myocardial mass was considered within the normal 
range. (The smallest infarct we have imaged experimen- 
tally was 7 g in size.) 

Total myocardial mass and defect mass were calcu- 
lated by observers unaware of the patients’ clinical 
findings. 

Statistics: Regression analyses, correlation coeffi- 
cients, as well as paired and unpaired f tests were per- 
formed using standard methods. Mean values are re- 
ported + 1 standard deviation. 


RESULTS 

Exercise testing: Each patient exercised to the same 
work load and for the same duration during stress imag- 
ing with Tl-201 and Tc-99m MIBI. Maximal systolic 
blood pressures were similar (160 + 30.9 and 168 + 
27.5 mm Hg; Tl-201 and Tc-99m MIBI, respectively; 
difference not significant). Maximal exercise heart rate 
(112 + 15.8) during the Tl-201 studies was slightly, but 
significantly, lower than values noted during the Tc- 
99m MIBI stress studies (119 + 19.3 beats/min; 71 + 
11.5% of predicted; p <0.001). The maximal double 
product during the Tl-201 stress test was 179 + 43.4 
and was lower than the Tc-99m MIBI test value of 200 
+ 44.0 (p <0.001). 

Because all patients had known coronary artery dis- 
ease, antianginal medications were continued without 
change during the 2 stress studies. All patients were re- 
ceiving 8 blockers or calcium antagonists, or both, at 
the time of the stress studies (13 of 24 received B 
blockers; 15 of 24 took calcium antagonists). 

image characteristics: The mean maximum pixel 
count in the left ventricular region of interest was 903 + 
351 counts (range 342 to 1,883) for the stress Tc-99m 
MIBI studies. This value was 4.8 times higher than the 
value recorded from the TI-201 images (189 + 62; 
range 102 to 340 counts/pixel; p <0.001). 

Maximal image counts averaged 740 + 306 (range 
214 to 1,585 counts/pixel) in the resting Tc-99m MIBI 
studies and 117 + 33 (range 72 to 196) in the redistri- 
bution TI-201 studies. The 6.3-fold difference was sig- 
nificant (p <0.001). 

A significant (p <0.001) but weak correlation (r = 
0.647) was noted when the maximal counts from the 
stress thallium and isonitrile studies were compared. A 
similar relation (p <0.005; r = 0.563) was noted when 
the maximal counts in the redistribution Tl-201 and 
resting Tc-99m MIBI images were evaluated. 

Estimates of left ventricular mass: Estimated total 
left ventricular mass during the stress Tl-201 study cor- 
related well with that of the exercise Tc-99m MIBI 
study (r = 0.91; standard error of the estimate [SEE] = 
18.9; p <0.001; Table I). Left ventricular mass estimat- 
ed from the redistribution Tl-201 study was similar to 
the value obtained from the analysis of the resting tech- 
netium-99m study (r = 0.89; SEE = 22.6; p <0.001). 
The correlation coefficient for comparing total left ven- 
tricular mass estimated from the stress Tl-201 study 
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TABLE I Estimates of Left Ventricular Mass 


Redistribution / 
Stress Rest 


Mean TI-201 SPECT 
left ventricular 
mass (g) 

Mean Tc-99m MIBI 
SPECT left ventricular 
mass (g) 


242 + 50 237 + 54 


232443 233 + 47 


14+18 
(5.8%) 


Mean absolute 
difference (g) 


18+ 17 
(7.6%) 


SPECT = single-photon emission computed tomographic; Tc-99m MIBI = techneti- 
um-99m hexakis 2-methoxyisobutyl isonitrile; TI-201 = thallium-201. 


versus the redistribution Tl-201 study was r = 0.94; 
SEE = 19.9; p <0.001). A comparison of total mass 
estimates based on the stress versus the resting Tc-99m 
MIBI studies yielded a correlation coefficient of r = 
0.91 (SEE = 20.7; p <0.001). 

Estimates of defect mass: The mean estimated de- 
fect or hypoperfused mass noted on the stress TI-201 
studies was 52 + 46.2 g. Defect mass estimated from 
the stress Tc-99m isonitrile studies was 19% smaller (42 
+ 39.9 g; p <0.05). The estimates of defect size using 
the 2 isotopes were significantly correlated (r = 0.85; 
SEE = 6.6; p <0.0001; Figure 1). However, the linear 
regression between the 2 isotopes yielded a slope of 0.74 
(Figure 1) and the defect size was smaller in 15 of 24 of 
the Tc-99m MIBI studies. Altering the isocount value 
used to determine Tc-99m MIBI defect size did not cor- 
rect the discrepancies in estimated defect mass. Typical 
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examples of images obtained with the 2 isotopes are 
shown in Figures 2 to 4. 

Defect mass estimated from the redistribution TL 
201 study was 32 + 34.7 g, and was 33 + 38.4 g based 
on the resting isonitrile study. These estimates of defect 
mass were closely correlated with r = 0.93 (SEE = 4.0; 
p <0.0001; Figure 5). Five of the rest-redistribution 
pairs had defect masses small enough to be considered 
normal variants. 


DISCUSSION 

Study design: In this study we attempted to com- 
pare stress and rest/redistribution imaging with TI-201 
and Tc-99m MIBI as closely as possible. Patients were 
receiving the same medications during each study and 
exercised for identical periods of time using an identical 
exercise protocol. We deliberately studied patients who 
had known coronary artery disease (by virtue of a previ- 
ous myocardial infarction or prior coronary arteriogra- 
phy) to assess the ability of the 2 isotope studies to de- 
tect the presence and extent of ischemia or scar. 

Evaluation of counting statistics: The results of this 
investigation are consistent with previous reports that 
have demonstrated substantially higher counting rates 
when Te-99m MIBI is substituted for TL 201 as a myo- 
cardial perfusion agent. 7117 Maximum count activity 
in the stress Tc-99m MIBI study was 4.8 times higher 
than that obtained from corresponding TI-201 stress im- 
ages. Likewise, maximal image counts averaged 740 
counts/pixel when resting Tc-99m MIBI was compared 
with redistribution Tl-201 imaging (117 counts / pixel; 
6.3-fold difference). The magnitude of the difference in 





FIGURE 1. Thallium-201 (TI- 
201) single-photon emission 


zontal axis. Technetium-99m 
(Tc-99m) isonitrile SPECT 
defect mass during stress is 
plotted on the vertical axis. 
The lower limit of defect de- 
tection (7 g) is depicted by a 
diagonal grid. Solid line rep- 
resents the regression equa- 
tion generated from these 
data. Dashed line is the line 
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TECHNETIUM 99m LV mass: 296 ams defect mass: 111 gms 


FIGURE 2. A typical thallium-201 /technetium-99m isonitrile stress pair is depicted. The color scale for isotope activity is on the 
left with white indicating the greatest activity and blue the least. White circles represent the computer-generated estimates of 
the epicardial and endocardial borders. Hypoperfusion was defined by a 45% isocount line roughly where the yellow color 
makes a transition to green. In this example the left ventricular (LV) mass estimates from both isotope studies are comparable. 
However, the defect mass derived from thallium-201 imaging (190 g) is substantially larger than that detected by the techne- 
tium isonitrile (111 g). The inferior defect is appreciably larger in the thallium image on the first 7 “short-axis” slices. The 
greater extent of the anterior defect is apparent on slices 5 to 7 (from left to right). 
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THALLIUM 201 LV mass: 197 gms defect mass: 41 gms 









TECHNETIUM 99m LV mass: 189 gms defect mass: 3 gms (NS) 


FIGURE 3. A stress thallium-201 /technetium-99m isonitrile pair is depicted. Explanations as in Figure 2. The left ventricular 
(LV) mass algorithm provides similar measures of total mass. A defect estimated to be 41 g in total weight is noted on slices 1 
to 6 on the stress thallium-201 images. Using the same definitions for hypoperfusion on the technetium images yields a defect 
mass of 3 grams which is not significant. No transmural defects are present on the technetium images as opposed to the thalli- 
um-201 image. NS = not significant. 


THE AMERICAN JOURNAL OF CARDIOLOGY DECEMBER 15,1990 1441 





REDISTRIBUTION / REST 








THALLIUM 201 LV mass: 209 gms defect mass: 13 gms 


` ge Se N 
P ~? 
<i A 
erh 


Ki 
os eh vas 


LV mass: 201 gms defect mass: 4 gms (NS) 






TECHNETIUM 99m 


FIGURE 4. A redistribution thallium image and a resting technetium image from the same patient as Figure 3 is presented. Ex- 
planations as in Figure 2. Close concordance in the redistribution/resting left ventricular (LV) mass is apparent in this pair as 
well as in the corresponding stress pair shown in Figure 3. Despite the large amount of subdiaphragmatic technetium-99m ac- 
tivity present in this study, the left ventricular mass algorithm provides a total mass estimate which is similar to that obtained 
from the thallium-201 image. Defect mass from the thallium image is estimated to be 13 g, almost all of which is present in slice 
no. 6 of the thallium image. NS = not significant. 
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count rate was consistent with the ratio of the injected 
doses of Tl-201 (3 mCi, 111 MBq) and Tc-99m MIBI 
(25 mCi, 925 MBq). 

Estimates of total left ventricular mass: Total left 
ventricular mass estimated from the stress Tl-201 stud- 
ies was not significantly different when compared with 
mass estimates from the redistribution images (Table 
I). We did not alter the reconstruction algorithm or our 
method for determining left ventricular mass when ana- 
lyzing the Tc-99m MIBI tomographic studies. None- 
theless, estimates of left ventricular mass obtained from 
the isonitrile images did not differ significantly from the 
values obtained from the Tl-201 studies. 

Estimates of defect size: No significant difference in 
estimated defect size was seen when the redistribution 
Tl-201 and resting Tc-99m MIBI studies were com- 
pared (Figure 5). In fact, estimated mean defect mass 
was virtually identical when data from the Tl-201 
SPECT study (32 + 34.7 g) were compared with data 
from the Tc-99m MIBI SPECT study (33 + 38.4 g). 
Estimated defect masses from the rest/redistribution 
studies were correlated with an r value of 0.93 (p 
<0.0001). This close relation between Tl-201 and Tc- 
99m MIBI defect size was found despite a 6.3-fold dif- 
ference in maximal counts in the respective images and 
the use of a method for defining normal and abnormal 
mass that was created for Tl-201 imaging. 

The concordance in defect size noted between the 
redistribution Tl-201 and resting Tc-99m MIBI studies 
was not present when stress images were evaluated. Al- 
though a linear correlation was found (r = 0.85), the 
slope of the regression line was 0.74 (Figure 1), reflect- 
ing smaller defects in the stress Tc-99m MIBI studies 
(p <0.05). 

Possible explanations for these results: Although 
the mean heart rate, blood pressure and double product 
at maximal exercise were similar during the 2 stress 
perfusion studies, individual variations may be responsi- 
ble for the differences in defect size. However, no con- 
sistent changes in any of the exercise parameters corre- 
lated with the differences in defect size. In fact, the 
exercise heart rates and double products during the iso- 
nitrile stress studies were slightly but significantly high- 
er than those noted in the Tl-201 studies—a finding op- 
posite what would be expected because of the smaller 
stress Tc-99m MIBI defects. 

We used a SPECT reconstruction and a left ventric- 
ular mass processing routine designed for Tl-201 
SPECT studies. The substantial differences in imaging 
properties between Tl-201 and Tc-99m MIBI may ne- 
cessitate unique reconstruction techniques such as dif- 
ferent filtering. However, in this investigation results 
from redistribution Tl-201 imaging mirrored data ob- 
tained from the resting Tc-99m MIBI studies. Thus, for 
rest/redistribution imaging, the methods we used for 
determining left ventricular mass and left ventricular 
defect size appear to be appropriate for both isotopes. 

The higher counting rates noted in the exercise Tc- 
99m MIBI studies may allow for more “shine through” 
or a “blooming effect,” which could result in smaller 
image defects. However, the average maximum Stress 


Tc-99m MIBI count rate (903 counts/pixel) was only 
22% higher than the maximal image counts found in the 
resting Tc-99m MIBI studies that had defect sizes simi- 
lar to the redistribution Tl-201 images. Further investi- 
gation with a lower dose of Tc-99m MIBI or using a 
high resolution collimator would be necessary to address 
these possibilities. The use of different isocount values 
did not alter the discrepancy in stress defect size. 

Possible effects of antianginal agents and ischemia: 
All patients in this study were receiving 6 or calcium 
blockers, or both. Therapy with antiischemic agents is 
known to alter the sensitivity of thallium-201 imaging 
for detecting coronary artery disease.?!?? Conceivably, 
exercise Tc-99m MIBI uptake differs from Tl-201 in 
the presence of 8 blockers or calcium antagonists. Alter- 
natively, because metabolic changes? and hypoxia? 
have different effects on Tl-201 and Tc-99m MIBI ki- 
netics, the larger thallium defects may represent a true 
difference in myocardial integrity during ischemia. 

Another possible explanation for our results is the 
observation by Leppo and Meerdink?’ that net myocar- 
dial extraction of Tl-201 is significantly different from 
Tc-99m MIBI in the isolated perfused rabbit heart. In 
addition, a recent report D suggests that myocardial re- 
distribution of Tc-99m MIBI occurs after transient 
ischemia. If the latter observation is verified, the 2-hour 
delay between the injection of Tc-99m MIBI and image 
acquisition in this investigation may explain the dispari- 
ty in stress defect size. Thus, the observations in this 
study may reflect actual differences in isotope kinetics 
during or subsequent to exercise. These possibilities 
were not anticipated in this investigation and will re- 
quire further study. 

Limitations of the SPECT quantitation: The SPECT 
images in this investigation were ungated and motion 
artifacts were likely present. In addition, the limited res- 
olution of the imaging system*’-?? and the lack of atten- 
uation correction will prevent the SPECT images from 
mirroring the precise pathologic anatomy of the left 
ventrcle 2 Also, the SPECT left ventricular mass de- 
termination makes assumptions similar to those used in 
the contrast angiographic determination of mass, e.g., a 
relatively uniform wall thickness. Despite these inherent 
limitations, the left ventricular mass algorithm is accu- 
rate in an animal modell? and highly reproducible in 
both animals and bumans 17 7 

Other investigators have found that specific quanti- 
tative analysis routines are necessary when analyzing 
planar Tc-99m MIBI studies.*! Our method for analyz- 
ing SPECT images is based on the identification of the 
left ventricular endocardial and epicardial surfaces with 
a superimposed isocount profile to define hypoperfusion. 
Thus, it differs from other quantitative analysis meth- 
ods that have been described. It is analogous to a visual 
interpretation of tomographic images. In this study, 
the differences in computer-defined defect size corre- 
sponded to what can be observed visually (Figures 2 to 
4). Thus, the results of Tc-99m MIBI imaging per- 
formed 2 hours after stress may underestimate the ex- 
tent of ischemia when compared with Tl-201 imaging 
obtained immediately after exercise. 
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Recanalization of Chronic Total Coronary Arterial 
Occlusions by Percutaneous Excimer-Laser and 
Laser-Assisted Angioplasty 


Gerald S. Werner, MD, Arnd Buchwald, MD, Christina Unterberg, MD, Eberhard Voth, MD, 
Heinrich Kreuzer, MD, and Volker Wiegand, MD 


A low primary success and high restenosis rate af- 


ter recanalization of chronic total occlusions by 
conventional coronary angioplasty have encouraged 
the application of new interventional techniques like 
excimer-laser angioplasty. In 39 patients with a 
coronary occlusion for 1 to 12 months, recanaliza- 
tion was attempted by laser angioplasty through a 
multifiber-catheter coupled to a pulsed XeCl ex- 
cimer laser. After successful passage of the occlu- 
sion by a standard guidewire in 27 patients (69%), 
the laser catheter was advanced over the central 
guidewire and crossed the occlusion in 25 patients 
(64%). In 2 patients with unsuccessful passage of 
the laser catheter, the subsequent attempt with a 
low profile balloon catheter also failed. In 19 of the 
25 patients with successful laser recanalization, 
the residual stenosis exceeded 50% and was there- 
fore followed by additional balloon angioplasty. The 
average residual stenosis after laser was 61 + 
17% of the vessel diameter, and after balloon angi- 
oplasty 28 + 9% (n = 19), whereas after laser an- 
gioplasty alone it was 38 + 5% (n = 6). No compli- 
cations associated with the laser application were 
observed. Angiographic control after 24 hours 
showed a reocclusion of 2 (8%) recanalized vessels. 

In this pilot study, laser angioplasty proved to 
be a safe and feasible method for the treatment of 
chronic total coronary occlusions. Because it was 
necessary to guide the catheter by a central wire, 
the primary success was limited by a successful 
passage of the wire of the occlusion. The rate of 
stand-alone laser angioplasty has to be increased 
by future improvements of the technique to enable 
a comparative evaluation of this method with con- 
ventional angioplasty. 

(Am J Cardiol 1990;66:1445-1450) 
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the standard technique for the nonsurgical treat- 

ment of symptomatic coronary artery disease.! 
Whereas the advances in balloon technologies have in- 
creased the immediate success rate, the long-term out- 
come is limited by the high rate of restenosis.> This is 
still more discouraging for the treatment of chronic to- 
tal coronary occlusions.** 

The laser devices currently under clinical investiga- 
tion to improve the outcome of angioplasty bear the po- 
tential of ablating atherosclerotic plaques. While the 
thermal laser probes cause considerable damage to the 
vessel wall when applied in coronary arteries,’ the 
pulsed energy delivered by excimer laser sources ablates 
with minor damage to the adjacent tissue.!°-'? This 
might be advantageous in the treatment of coronary ar- 
tery disease because it would avoid possible causes of 
restenosis like mechanical distension and dissection af- 
ter balloon angioplasty. Even if additional balloon angi- 
oplasty were required, the initial recanalization and re- 
duction of plaque material by laser might have a favor- 
able impact on the incidence of restenosis. The guidance 
of the laser catheter over a wire and the principle of 
laser ablation on contact with the adjacent tissue re- 
duced the danger of perforation. After successful appli- 
cation of excimer laser angioplasty in peripheral arter- 
es, 127 it was recently used in coronary arteries.!>-! 
The present study was undertaken to assess the safety, 
feasibility and primary success of percutaneous excimer 
laser angioplasty in patients with chronic total coronary 
occlusions. 


H ercutaneous transluminal coronary angioplasty is 


METHODS 

Laser source and catheter system: An XeCl-ex- 
cimer laser source (MAX 10, Fa. Technolas, Graefel- 
fing, Federal Republic of Germany) emitted pulsed la- 
ser energy of 50 to 120 mJ/pulse at a wave length of 
308 nm and a pulse width of 55 to 60 ns. The pulse 
repetition during angioplasty was adjusted to 15 or 20 
MHz. Laser catheters of various sizes from 4 to 5.5Fr 
outer diameter were available. They were of a similar 
concentric design with a central lumen for a 14/1,000- 
inch guidewire to avoid perforation of the vessel wall 
during the advancement of the laser catheter. The laser 
energy was transmitted by a ring of 18 (4Fr catheter), 
28 (SFr) or 33 (5.5Fr) quartz fibers (100-um diameter) 
(Fa. Technolas, Graefelfing, Federal Republic of Ger- 
many). Technical details of the catheter system are 
summarized in Table I. 
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TABLE I Technical Data of the Laser Source and Catheter 
System 














Wave length 308-nm (ech 
Pulse energy 50-120 mJ 
Pulse width 55—60 ns 
Repetition rate 2—40 Hz 
Energy fluency /fiber surface area 
4Fr catheter 32—46 mJ /mm? 
5Fr catheter 45-59 mJ /mm? 
5.5Fr catheter 54-69 mJ /mm? 






Before inserting the laser catheter into the guiding 
catheter, the transmitted energy was adjusted with a 
power meter. The energy output of the laser source was 
tuned to get about 80% of the maximum output specific 
for each catheter size, according to prior in vitro tests. 
These tests had shown no significant loss of energy 
transmittance at this energy level during 5,000 pulses at 
a pulse rate of 20 Hz. 

Procedure: All patients had undergone a diagnostic 
angiography at our catheterization laboratory or in a 
referring cardiac rehabilitation center. A 9Fr giant lu- 
men guiding catheter (Interventional Medical, Danvers, 
Massachusetts) was inserted through a femoral sheath. 
A rigid standard guidewire (ACS, Santa Clara, Califor- 
nia) was tried to pass the occlusion. If the guidewire 
caused a dissection or could not be advanced far enough 
downstream into the distal vessel segment, the proce- 
dure was terminated. 

When the guidewire had passed the occlusion, the 
laser catheter with a radiopaque marker at the tip was 
introduced into the occluded vessel. The laser procedure 
was then begun for 20 to 30 seconds, while advancing 
the catheter slowly with gentle force to ensure contact 
of the catheter tip with the tissue. Energy delivery was 
repeated until the laser catheter crossed the occlusion. 
When the occlusion had been passed, the catheter was 
drawn back and advanced slowly through the occlusion 
2 to 3 times with the laser switched on. The progress 
during laser angioplasty was constantly controlled by 
fluoroscopy. The procedure was terminated when there 
was opacification of the downstream vessel segments by 
contrast medium injected through the guiding catheter 
while the laser catheter was still within the recanalized 
segment. After laser angioplasty, a control angiogram 
of orthogonal views was recorded. If the residual steno- 
sis were >50% of the pre- and poststenotic vessel diame- 
ter, additional balloon dilatation was done. After 24 
hours a control angiogram was obtained. 

Patients: Percutaneous coronary excimer laser angi- 
oplasty was attempted in 39 consecutive patients (33 
men and 6 women, age range 36 to 78 years [mean 57]) 
with chronic total coronary occlusions (Thrombolysis in 
Myocardial Infarction trial 0) according to a protocol 
approved by the university’s commission on ethical stan- 
dards in medical research. All patients had given writ- 
ten consent. The patients had been selected according to 
the following angiographic and clinical criteria: (1) the 
duration of occlusion should be >1 month; (2) collateral 
filling of the vessel segments downstream of the occlu- 
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No. of patients 25 
Age (mean, range) (years) 58 (44-78) 
Sex (male/female) 20/5 13/1 








Prior myocardial infarction 16 (64%) 9 (64%) 
Occluded vessel (right, LC, LAD) 146-5 6-3-5 
Duration of occlusion (mo) 3.6 43.2 5.54 2.9t 





* Twelve patients with failure of guidewire passage, 2 patients with failure of laser 
catheter passage. 

t eat difference between both groups according to the Mann-Whitney test 
(p = 0.03). 
LAD = leftanterior descending artery; LC = left circumflex artery. 





sion from the opposite vessel during diagnostic an- 
giography was required to determine the approximate 
course of the vessel; (3) a tortuous vessel or steep angles 
of vessel branchings were excluded because of the limit- 
ed flexibility of the catheter; (4) at least 1 of 2 noninva- 
sive tests (thallium or bicycle stress test, or both) should 
have indicated that the occlusion was responsible for ex- 
ercise ischemia; and (5) the patient should not present 
with unstable angina. 

The clinical data of patients with either successful or 
unsuccessful attempts of recanalization are summarized 
in Table II. The duration of the occlusion was deter- 
mined from either the date of a prior myocardial infarc- 
tion or a previous angiogram, or both. 

All patients were receiving oral drug treatment of 
either a combination of nitrate and calcium antagonists, 
or nitrate and 9 blockers. Each patient received aspirin 
(100 mg/day) therapy, begun at least 1 week before the 
angioplasty. Before advancing the wire, a bolus of 
10,000 IU heparin was given followed by intravenous 
heparin until removal of the sheath 24 hours later. 

Data analysis: Numerical data are given as mean + 
standard deviation. Comparison of the clinical data of 
successful and unsuccessful recanalizations was done 
using the Mann-Whitney test. The residual stenosis af- 
ter angioplasty was given as percent lumen diameter 
narrowing compared with the average of pre- and post- 
stenotic segment diameters. The diameter was mea- 
sured on a single plane representing the worst view of 
the lesion using an electronic caliper. 


RESULTS 

Primary success rate of coronary laser angioplasty: 
Percutaneous laser coronary angioplasty was attempted 
in 39 patients with chronic total coronary occlusions 
(Figure 1). In 7 patients (18%) it was not possible to 
pass the occlusion with a guidewire. In 3 patients (8%) 
the wire had caused a dissection at the site of the occlu- 
sion and therefore the procedure was stopped. In 2 pa- 
tients (5%) the wire could not be advanced into the dis- 
tal vessel segments after successful passage of a proxi- 
mal occlusion, probably due to an additional stenosis 
distal to the occlusion. In 1 patient the recanalization 
wire was advanced into a septal branch of the left ante- 
rior descending artery. This lead to the onset of ventric- 
ular tachycardia and then ventricular fibrillation that 








had to be terminated by external defibrillation; the pro- 
cedure was not continued after this event. 

In 27 patients (69%) the laser catheter could be posi- 
tioned proximal to the occlusion. In 25 patients (64%) 
the coronary laser angioplasty could be successfully per- 
formed as defined by the ability to pass the occlusion 
and create a new lumen of approximately the size of the 
catheter (Figure 2). In 2 patients the catheter did not 
pass the occlusion despite prolonged energy delivery and 
change of catheter size in 1 case. The subsequent at- 
tempt with a low-profile balloon catheter was also un- 
successful. The longer duration of the occlusion in pri- 


total 





mary unsuccessful recanalizations was the only differ- 
ence compared with successful recanalizations (p = 
0.03; Table II). The transmitted energy depended on 
the type of catheter as given in Table I. The energy 
output of the 4Fr catheter used in the first 6 patients 
decreased considerably after the procedure (32 + 28% 
loss of energy output). This had been improved by in- 
creased fiber quality in the following catheters (SFr and 
5.5Fr). 

The average residual stenosis after laser was 61 + 
17% (Table III). In 6 patients with a residual stenosis of 
<50% no additional balloon angioplasty was done (Fig- 
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FIGURE 1. Overview of primary success of laser recanalization in 39 patients with total chronic coronary occlusions (occl.). 
cath. = catheterization; pass. = passage; PTCA = percutaneous transluminal coronary angioplasty. 
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FIGURE 2. Laser-assisted recanalization of an occluded 


coronary artery (a). After laser passage with a 4Fr catheter (b), 


SC 


the residual stenosis was considered to exceed 50% vessel diameter. After subsequent balloon angioplasty of 3.0 mm, there 
was no significant residual stenosis. After recanalization, a right ventricular branch is now perfused again. 
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TABLE Ill Summary of Successful Laser Recanalizations of 


Chronic Total Occlusions 


No. of 

Coronary % Vessel 

Arteries Coronary Occlusion Occlusion Diameter After: 
. Narrowed Arteries Duration Related ————————— 
. (©50%)  Occluded (mos) Infarct Laser Balloon 


MF NNMWNHDNYF NK DRY WWW DÄ DÄ ta ta DÄ DA hä ke Be 
O+F+004+04+40044404 044404444 


70 


61417 2849 


Values at the bottom represent mean + standard deviation. 


LAD = left anterior descending; LC = left circumflex; + = previous infarct; O = no 


previous infarct; — = no balloon angioplasty performed. 
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ure 3); in all other cases laser angioplasty was followed 
by conventional angioplasty resulting in a residual ste- 
nosis of 28 + 9%; the residual stenosis after stand-alone 
laser angioplasty was 38 + 5%. In 2 of 25 patients with 
primary successful laser recanalization (8%), the 24- 
hour control angiogram showed a reocclusion without 
clinical symptoms, indicating a still effective collateral 
flow. Both had been treated by laser and subsequent 
balloon angioplasty. 

The functional result after recanalization was as- 
sessed by noninvasive stress tests, which had shown a 
pathologic result before the procedure. In 6 patients ST- 
segment depression was no longer visible in the respec- 
tive electrocardiographic leads during bicycle stress test. 
In 14 patients the thallium stress test showed the disap- 
pearance of a previous ischemic zone during exercise. In 
3 patients no change in the thallium stress test was ob- 
served, although their clinical symptoms had improved. 
The 2 patients with immediate reocclusion did not un- 
dergo a repeat stress test; in 1 of them bypass surgery 
was performed while the other continued to receive 
medical treatment. 

Complications during coronary laser angioplasty: 
None of the patients experienced a laser associated 
complication. The induction of a ventricular tachycar- 
dia and fibrillation in one case was caused by the guide- 
wire. During coronary laser angioplasty of a branch of 
the left coronary artery, 3 patients reported angina pec- 
toris, which was due to the obstruction of smaller coro- 
nary branches when the laser catheter was advanced to 
the occluded segment. The patients did not experience 
any pain or discomfort during the delivery of laser ener- 
gy. Occlusions of distal coronary vessel segments due to 
peripheral embolization were not observed, and none of 


FIGURE 3. Laser angio- 
plasty of an occluded 
right coronary artery (a). 
Both a proximal stenosis 
(open arrow) and an oc- 
clusion (full arrow) were 
recanalized 


successfully 
by a 5.5Fr catheter. The 
side branch just proximal 
to the stenosis identifies 
the vessel segments on 
the different frames. The 
narrow segment distal to 
the occlusion was not 
considered to represent 
spasm but rather reflect- 
ed an early low forward 
flow (b); 24-hour control 
angiogram with satisfying 
results both at the site of 
the stenosis and the oc- 
clusion (c). 
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the patients had an increase in serum creatine kinase 
levels until 24 hours after the procedure. Local throm- 
bosis or acute vessel occlusion during the procedure was 
not observed. 


DISCUSSION 

Most of the patients of this study had had myocardi- 
al infarction caused by the vessel occlusion. The pres- 
ence of clinical symptoms and evidence of ischemia 
made them eligible for an angioplasty procedure. The 
primary success rate of conventional balloon angioplasty 
of chronically occluded vessels reported in previous 
studies ranged from 44 to 66%, the duration of the oc- 
clusion being a major determinant of the success.°.’ In 
our patients the primary success depended on the abil- 
ity to pass the occlusion by a guidewire, which was 
achieved in 68%. A shorter duration of occlusion was 
present in successful recanalizations compared with un- 
successful procedures, which confirmed earlier observa- 
tions with balloon recanalization.’ The danger of perfo- 
rating the vessel wall by using the laser catheter without 
a guidance was considered too high!” and therefore was 
not tried when the wire could not be advanced. 

Coronary laser angioplasty over a guidewire proved 
to be a safe technique without complications associated 
with the application of laser energy. Even though the 
degree of eccentricity of the occluding lesion could not 
be predicted from the diagnostic angiography, no perfo- 
ration using the concentric catheter design was encoun- 
tered. The reocclusion within 24 hours observed in 2 
patients did not cause any clinical symptoms or electro- 
cardiographic changes, indicating the still effective col- 
lateral circulation. These early reocclusions represent 
those that were observed among asymptomatic patients 
during follow-up by repeat angiography.° 

Technical aspects and limitations of laser angio- 
plasty of chronic total coronary occlusion: The theoret- 
ical advantage of laser angioplasty is the ablation 
of atherosclerotic and even calcified plaques without 
mechanical or thermal damage to the adjacent tis- 
sue. !0.!1,18,19 Since the introduction of percutaneous ex- 
cimer-laser angioplasty into interventional cardiology, 
the development of both the technical specifications of 
the laser source and the catheter devices are still in mo- 
tion. Among the limitations of this new technique is the 
principle of ablation on contact, which, however, togeth- 
er with the wire guidance ensures safety of the tech- 
nique. Because the achieved lumen after laser recanali- 
zation depends on the diameter of the catheter, these 
factors account for the need of additional balloon dilata- 
tion in 76% of our patients. 

During the early phase of the study a considerable 
loss of transmitted power was observed during the laser 
procedure due to wear-out of the fibers despite no visi- 
ble damage or breaking. The threshold for the ablation 
of atherosclerotic tissue in vitro is 14 mJ/mm?,!? and 
the threshold for calcified lesions is in the range of 50 
mJ/mm? when energy is transmitted by a single bare 
fiber.!? The maximum energy fluency achieved by the 
applied laser catheter system as calculated per fiber sur- 


face was in the same range, but as the concentric multi- 
ple fiber design of the catheter tip included dead space, 
the effective fluency was smaller. In vitro tests with the 
catheters had shown that the transmitted energy ex- 
ceeded the ablation threshold by a factor of 2. There- 
fore, a loss of energy transmitted during the treatment 
might have lead to the failure or only limited success of 
laser angioplasty. Additionally, a mechanical dotter ef- 
fect was probably present in cases with considerable fi- 
ber wear-out. Considering the limited energy fluency 
currently available, highly calcified lesions are not likely 
to be ablated, and this may account for the primary 
failure of the laser procedure in 2 cases. Because there 
is destruction of the quartz fibers by higher laser ener- 
gies, the increase of the pulse width is a suggested way 
to enhance the efficiency of the system.?° 

The use of a guidewire lead to primary failures of 
recanalization in cases where it could not pass the steno- 
sis. In these patients, laser angioplasty could be 
performed only if a guiding system were available to 
discriminate between normal and atherosclerotic tis- 
sue.2!.22 The application of such a system in the coro- 
nary system with the specific problem of moving vessels 
in the beating heart is not in the foreseeable future. 
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Prevalence and Prognostic Significance of 
Exercise-Induced Ventricular Arrhythmias After 
Coronary Artery Bypass Grafting 
Sinikka Yli-Mayry, MD, Heikki V. Huikuri, MD, Ulla R. Korhonen, * MD, 


K.E. Juhani Airaksinen, MD, Markku J. Ikäheimo, MD, 
Markku K. Linnaluoto, MSc, and Juha T. Takkunen, MD 


Exercise-induced ventricular arrhythmias occur of- 
ten after coronary artery bypass grafting (CABG), 
but their prognostic significance is unknown. Two 
hundred patients examined by exercise electrocar- 
diography and cardiac catheterization (including 
left ventriculography, bypass graft and native coro- 
nary artery angiography) before and 3 months af- 
ter CABG were prospectively followed up. Exer- 
cise-induced ventricular arrhythmias occurred more 
often after (49 of 200 patients, 24.5%) than before 
(32 of 200 patients, 16.0%) CABG (p <0.05). 
There were no differences between the patients 
with and without ventricular arrhythmias in the 
prevalence of graft patency (79 vs 80%) or the 
postoperative ejection fraction (57 + 9 vs 57 + 
12%). Ten cardiac deaths occurred during the 
mean follow-up time of 61 + 19 months, 8 of which 
were witnessed sudden cardiac deaths. All cardiac 
deaths occurred in patients who did not have exer- 
cise-induced ventricular arrhythmias after CABG. 
The postoperative ejection fraction was lower in the 
cardiac death patients (42 + 16%) than in the sur- 
vivors (58 + 10%) (p <0.01). No other clinical or 
angiographic variable predicted the occurrence of 
cardiac death. Thus, the prevalence of exercise-in- 
duced ventricular arrhythmias increases after 
CABG, but the occurrence of ventricular arrhyth- 
mias does not indicate an increased risk of cardiac 
death. 

(Am J Cardiol 1990;66:1451-1454) 
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angina and improves exercise capacity in most 

patients, but may not abolish ambient or exer- 
cise-induced ventricular arrhythmias.'!-* The long-term 
prognostic significance of ventricular ectopic activity af- 
ter CABG is largely unknown. We prospectively fol- 
lowed up 200 patients who had been examined by pre- 
Operative and postoperative exercise testing and in 
whom graft patency and left ventricular function had 
been assessed by cardiac catheterization 3 months after 
CABG. Our main purpose was to evaluate the effects of 
CABG on the prevalence of exercise-induced ventricu- 
lar arrhythmias and to assess their long-term prognostic 
significance. 


(se artery bypass grafting (CABG) relieves 


METHODS 

The series consisted of 200 consecutive patients (177 
men, 23 women, mean age 49 + 7 years) who had un- 
dergone CABG and who performed exercise electro- 
cardiography before and 3 months after surgery. The 
patients underwent recatheterization 3 months after 
CABG in order to evaluate the surgical results in terms 
of graft patency at that time. The patients gave their 
informed consent for these examinations. Clinical char- 
acteristics of the patients are summarized in Table I. 

Catheterization examinations: Al] patients under- 
went left-sided cardiac catheterization and angiography 
before and 3 months after CABG. Selective coronary 
artery, vein graft angiograms and biplane left ventric- 
ular cineangiograms were recorded and interpreted as 
described earlier+ by the Judkins technique. The myo- 
cardial jeopardy index was used to quantify the myocar- 
dium at risk for ischemia after CABG. Anterior myo- 
cardial jeopardy was defined as significant stenosis 
(>50%) of the left anterior descending coronary artery 
without a patent bypass graft supplying normal or hy- 
pokinetic anterior and/or septal left ventricular wall 
segments. Inferior jeopardy was present when a stenotic 
right coronary artery without a patent bypass graft sup- 
plied a normal or hypokinetic (“viable”) inferior left 
ventricular segment, and posterior jeopardy was present 
when a stenotic circumflex coronary artery without a 
patent bypass graft supplied a normal or hypokinetic 
posterior wall segment. The range of the jeopardy index 
was 0 (no jeopardy) to 3 (all segments at jeopardy). 
The left ventricle was divided into 5 segments in the 
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right anterior oblique projection (anterobasal, anterolat- 
eral, apical, diaphragmatic and posterobasal), and into 
2 segments in the left anterior oblique projection (pos- 
terolateral, septal). Each of the segments was coded for 
wall motion as being normal (1 point), hypokinetic (2 
points), akinetic (3 points) or dyskinetic (4 points). The 
sum of the points for each segment was used as a scor- 
ing system for left ventricular contractility: 7 to 8 
points, normal or mild contraction normality; 9 to 11, 
moderate contraction abnormality; 212, severe contrac- 
tion abnormality. 


TABLE I Clinical, Angiographic and Perioperative Data on 
Patients With and Without Ventricular Arrhythmias After 
Coronary Artery Bypass Grafting 


With VA 
(n=151) 


Without VA 
(n = 49) 


Before After Before After 


5047 
4/49 


5047 
19/132 


Age (years) 
Sex (f/m) 
Prior MI 


0 
1 
22 
NYHA class 
1-2 
3—4 
Medication 
Digitalis 
Diuretic 
Beta-blocking 
agent 
Antiarrhythmic 
drug 
Perioperative data 
Myocardial 
infarction 
Pericarditis 
Cardioplegia 
time (min) 
Angiographic data 
1-VD 
2-VD 
3-VD 
Graft patency (%) 
LVEDP (mm Hg) 
LVEDVI (ml /m?) 
LVESVI (mi /m?) 
LVEF (%) 
Jeopardy score 


75 (50%) 
57 (38%) 
19 (12%) 


27 (18%) 
124 (82%) 


54 (36%) 
46 (31%) 
133 (89%) 


8 (5%) 


19 (13%) 
47 (31%) 
85 (56%) 


14+6 
79 +20 
34416 
59+ 11 


5 (3%) 


127 (84%) 


24 (16%) 


81 (54%) 
42 (28%) 


123 (81%) 


14(9%) 


15 (10%) 


30 (20%) 
86 + 25 


77 +28 
156 
78425 
36 + 22 
57+12 


74 (49%) 


21 (43%) 
24 (49%) 
4 (8%) 


9 (18%) 
40 (82%) 


21 (43%) 
13 (27%) 
44 (90%) 


11 (2%) 


4 (8%) 
13 (27%) 
32 (62%) 


14+6 
79418 
33412 
58+ 10 


2 (4%) 


42 (86%) 
7 (14%) 


31 (63%) 
10 (20%) 
40 (82%) 


2 (4%) 


1 (6%) 


15 (32%) 
84 + 22 


80 + 20 
1345 
74418 
33413 
57+9 


22 (45%) 


36 (24%) 
65 (43%) 
46 (30%) 


58 (38%) 
17 (11%) 
3 (2%) 


14 (29%) 
25 (51%) 
8 (16%) 


24 (49%) 
2 (4%) 
1 (2%) 

Exercise data 


Duration (min) 
Work load (W) 
HRmax 


6.1 +3.1 
80 + 36 
109 + 22 


8.2 £3.3 
105 + 37 
125+ 23 


6.7+2.8 
91+40 
111423 


8.44 3.7 
108 + 49 
132 + 28 


(beats /min) 
SBPmax 

(mm Hg) 
End point AP 
ST segment | 

21mm 


164428 176429 167427 183434 


41(29%) 28(68%) 


15 (40%) 
15 (31%) 


95 (78%) 


77 (51%) 31(21%) 25(51%) 


No significant differences in the values between the 2 groups. i i 

AP = angina ris; HR = heart rate; LVEDP = left ventricular end-diastolic 
pressure; LVEDVI = left ventricular end-diastolic volume index; LVEF = left ventricular 
ejection fraction; LVESVI = left ventricular end-systolic volume index; NYHA = New 
York Heart Association; SBP = systolic blood pressure; VA = ventricular arrhythmias; 
VD = vessel disease. 
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Exercise tests: The patients performed the exercise 
tests on the day preceding each catheterization. The ex- 
ercise protocol has been previously described 23 Ventricu- 
lar arrhythmias were measured and analyzed manually 
and classified as simple or complex, as modified from 
Lown and Wolf.» The duration of exercise, maximal 
work load in the bicycle exercise test and reasons for 
stopping the tests were noted. 

Follow-up: A questionnaire was mailed to all pa- 
tients. If a complete answer was not received, the pa- 
tients, their relatives or primary physicians were con- 
tacted by telephone. In cases of death, a detailed analy- 
sis of the mode of death was performed by reviewing the 
patient records and autopsy data (if available) and by 
questioning witnesses about the events preceding the 
death. Deaths were classified as cardiac and noncardiac, 
the cardiac deaths being regarded as sudden if they oc- 
curred within 1 hour of the onset of symptoms. 

Statistics: The standard ¢ test or Mann-Whitney 
test, when appropriate, was used to compare the contin- 
uous data between the groups. The chi-square test or 
Fisher’s exact test was used to compare the proportions. 
The paired r test was used to compare preoperative and 
postoperative continuous data. 


RESULTS 

Prevalence of exercise-induced ventricular arrhyth- 
mias before and after bypass surgery: Exercise-in- 
duced ventricular arrhythmias occurred more often af- 
ter CABG (49 of 200 patients [24.5%] after CABG vs 
32 of 200 [16%] before CABG, p <0.05) (Figure 1). 
The proportion of ventricular arrhythmias that were 
complex tended to be greater before than after CABG 
(10 of 32 [32%] vs 10 of 49 [20%], p = 0.07). New 
ventricular arrhythmias occurred in 37 of 200 patients 
(18.5%) after CABG. 





FIGURE 1. Frequencies of exercise-induced simple and com- 
plex ventricular arrhythmias (VA) before and after coronary 
artery bypass grafting (CABG). 
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Relation of postoperative ventricular arrhythmias 
to clinical and angiographic features: Table I compares 
the clinical and angiographic data for the patients with 
exercise-induced ventricular arrhythmias after CABG 
(group 1, n = 49) and without ventricular arrhythmias 
(group 2, n = 151). None of the clinical features dif- 
fered between the 2 groups before or after CABG, nor 
was any difference seen in the angiographic severity of 
coronary artery disease or the preoperative and postop- 
erative ejection fractions. Graft patency and the myo- 
cardial jeopardy index similarly did not differ between 
patients with or without ventricular arrhythmias after 
CABG. No differences in maximal work load or the 
prevalence of ST-segment depressions were detected be- 
tween the groups during the exercise testing. 

Follow-up data: There were 10 cardiac deaths dur- 
ing the mean follow-up period of 60 months (incidence 
5.0%). Eight of the deaths (80%) were witnessed as be- 
ing sudden cardiac deaths, and 2 patients died of myo- 
cardial infarction (20%). Table II compares the data for 
the survivors and those who died during the follow-up 
period. All the cardiac deaths occurred in patients who 
did not have exercise-induced ventricular arrhythmias 
after CABG. 

Diuretic treatment was given more often to the pa- 
tients who died; they received 6-blocking therapy less 
frequently. Enlarged cardiac size, as assessed by x-ray, 
was seen more often in the cardiac death patients than 
in the survivors. No other clinical features differed be- 
tween the groups. The postoperative left ventricular 
ejection fraction was lower in the patients who died; left 
ventricular volumes and end-diastolic pressures were 
higher and graft patency tended to be lower (Table II). 


DISCUSSION 

Exercise-induced ventricular arrhythmias occurred 
more often after CABG in this series, although it was 
apparent that the prevalence of complex ventricular ar- 
rhythmias tended to decrease after CABG. This finding 
is in agreement with previous reports, which have pro- 
posed that frequent exercise-induced ectopy after 
CABG may be related to prior myocardial infarction 
and improved exercise capacity.'+ However, no such as- 
sociations were evident in this group. No data have been 
available on the relation between the occurrence of ven- 
tricular arrhythmias and angiographic results after 
CABG. No differences in the prevalence of graft paten- 
cy or left ventricular function after CABG were seen 
between the patients with and without ventricular ar- 
rhythmias, and thus the occurrence of ventricular ar- 
rhythmias after CABG does not appear to be related to 
occlusions of the bypass grafts or deterioration in ven- 
tricular function. Exercise tolerance was better and 
maximal heart rate and blood pressure were higher af- 
ter CABG. It is possible that higher work load and in- 
creased sympathetic activity during exercise may ac- 
count for the increased ectopic activity after CABG. 

The most important result was that exercise-induced 
ventricular arrhythmias after CABG do not have any 
long-term prognostic significance for cardiac mortality. 
In fact, none of the patients who had ventricular 
arrhythmias after CABG died during the follow-up. 
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Clinical data 


Age (years) 
NYHA class 

LH 

I-IV 
Medication 

Digitalis 

Diuretic 

Beta-blocking agent 

Calcium antagonist 

Antiarrhythmic drug 
Prior MI 

0 
1 

22 
Cholesterol (mmol/liter) 
HDL cholesterol (mmol/liter) 
Triglycerides (mmol/liter) 
Electrocardiogram 

Q waves 

Bundle branch block 

Left ventricular hypertrophy 
Chest x-ray 


Enlarged cardiac size 
Congestion 
Angiographic data 

Graft patency (%) 

No. of grafts / patient 
Jeopardy score 


Left ventriculogram 
LVEDP (mm Hg) 
LVEDVI (ml /m?) 
LVESVI (ml /m?) 
LVEF (%) 


Exercise data 


Duration (min) 

Work load (W) 

HRrest (beats /min) 
HRmax (beats /min) 
SBPrest (mm Hg) 
SBPmax (mm Hg) 
End point AP 

ST segment | zl mm 
Ventricular ectopy 


HDL = high-density lipoprotein; MI = myocardial infarction; NS = not significant; 
other abbreviations as in Table I. 


Survivors 
(n = 190) 


50 +7 


160 (85%) 
30 (15%) 


104 (55%) 
45 (24%) 

158 (83%) 
34 (18%) 
14(7%) 


92 (48%) 
76 (40%) 
22 (12%) 
73215 
1.00.8 
28+ 1.6 


71 (38%) 
28 (15%) 
2 (1%) 


84 (44%) 
5 (3%) 


79+ 26 
SKS 


91 (48%) 

78 (41%) 

17 (9%) 
4 (2%) 


148 (78%) 
21 (11%) 
21 (11%) 


14+6 
75+ 20 
33+ 16 
58 + 10 


8.3+3.5 
106 + 40 
74413 
127+ 24 
136+18 
178 +31 
54 (32%) 
45 (24%) 
49 (26%) 


These findings concur with those of earlier reports on 
smaller patient populations and with shorter follow-up 
times,!© namely, that exercise-related ventricular ar- 
rhythmias are not associated with an increased risk of 
cardiac mortality after CABG. 
The reproducibility of exercise-induced ventricular 
arrhythmias is not very high,°* a fact that probably in- 
fluenced our results. However, recent evaluations using 
ambulatory recordings also have shown that ventricular 


TABLE Il Comparison of Postoperative Data Between 
Survivors and Cardiac Death Cases 


Cardiac 
Death 
Cases 
(n= 10) 


53+8 


8 (80%) 
2 (20%) 


8 (80%) 
7 (70%) 
5 (50%) 
2 (20%) 
2 (20%) 


4 (40%) 
5 (50%) 
1 (10%) 
GEAR 
1.0+0.3 
1841.3 


7 (70%) 
3 (30%) 
0 


9 (90%) 
1 (10%) 


62 + 34 
3.31.1 


4 (40%) 
3 (30%) 
2 (20%) 
1 (10%) 


4 (40%) 
4 (40%) 
2 (20%) 


20+5 
109+ 45 
70+ 44 
42+ 16 


7+2.3 
100 + 32 
66 +8 
128 + 20 
137417 
173423 
2 (20%) 
4 (40%) 
0 
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ectopy occurs more often after CABG, but this does not 
indicate an increased risk of death.”!° Thus, there ap- 
pears to be no indication for suppressing the ventricular 
ectopy after CABG for prognostic reasons. 

The fact that none of the exercise data, not even the 
ST-segment changes or improvements in exercise ca- 
pacity, differed between the survivors and the patients 
who died suggests that postoperative exercise testing is 
of limited value for predicting cardiac mortality after 
CABG. Dubach et al" also found that exercise testing 
may not be useful for identifying patients with future 
cardiac events after CABG. 

The cardiac death patients tended to have symptoms 
of cardiac failure after CABG more often than the sur- 
vivors, and their left ventricular function was more im- 
paired. Thus, depressed left ventricular function still ap- 
pears to be the major risk factor for cardiac death even 
after CABG. 
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Temporal Relation Between Left Ventricular 
Dysfunction and Chest Pain in Coronary Artery 
Disease During Activities of Daily Living 


Junichi Taki, MD, Tsunehiro Yasuda, MD, Nagara Tamaki, MD, Scott D. Flamm, MD, 
Adolph Hutter, MD, Herman K. Gold, MD, Robert Leinbach, MD, and H. William Strauss, MD 





Forty-three ambulatory patients with angina of in- 
creasing frequency underwent continuous monitor- 
ing of left ventricular (LV) function for an average 
of 2.9 + 1.9 hours to determine the incidence and 
temporal sequence of LV dysfunction, ST-segment 
depression and chest pain. Indicators of ischemia 
were: a decrease in ejection fraction >5% lasting 
>1 minute; horizontal or downsloping ST-segment 
depression of >1 mm; or onset of the patient’s typ- 
ical chest pain complex, or a combination of these. 
During the monitoring interval, subjects performed 
daily activities such as sitting, walking, climbing 
stairs and eating. In 11 patients, 22 episodes of 
chest pain or ST-segment depression, or both, were 
observed. Eighteen episodes were accompanied by 
a decrease in ejection fraction (9 patients); chest 
pain accompanied the decrease in ejection fraction 
during 13 episodes, whereas ST-segment changes 
occurred during 7. In 12 of 13 episodes the de- 
crease in ejection fraction began earlier than the 
onset of chest pain, whereas in 1 patient ejection 
fraction decrease and chest pain onset started at 
the same time. The average interval from a de- 
crease in ejection fraction to the onset of chest pain 
was 56 + 41 seconds (range 0 to 120). ST changes 
occurred after the onset of a decrease in ejection 
fraction in 6 of 7 episodes. The average interval 
from the onset of ejection fraction decrease and the 
onset of ST change was 99 + 91 seconds. These 
data suggest that LV dysfunction manifested by a 
decrease in ejection fraction is an earlier indicator 
of myocardial ischemia than is angina pectoris or 
electrocardiographic evidence of ischemia. 

(Am J Cardiol 1990;66:1455-1458) 
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that cause patients to seek medical attention for 

suspected coronary artery disease. Recent stud- 
ies suggest, however, that this symptom does not occur 
in most episodes of myocardial ischemia. When diag- 
nostic ischemic changes on electrocardiography were 
used as a criteria, only 25% of the episodes of ST-seg- 
ment changes were accompanied by chest pain!; stud- 
ies using an ambulatory ventricular function monitor 
suggested that 64% of episodes of a transient decrease 
in left ventricular (LV) ejection fraction were not ac- 
companied by chest pain; finally, in patients monitored 
in an intensive care unit with simultaneous measure- 
ment of electrocardiographic changes and LV pressures, 
ischemia was present for an average of 3 minutes before 
chest pain occurred.” 

Myocardial ischemia without symptoms presents a 
major conundrum for the management of patients with 
coronary artery disease. Ischemia is usually associated 
with impaired LV function, leading to the supposition 
that ischemic episodes should be treated even if they are 
not symptomatic. Therapy of ischemic coronary artery 
disease is usually directed toward the elimination of 
symptoms, thereby suggesting that silent episodes are 
less important and need not be treated. There is some 
merit to both of these arguments: Severe ischemia 
should depress ventricular function, regardless of elec- 
trocardiographic changes or associated chest pain, 
whereas mild episodes of ischemia should produce mini- 
mal impairment of LV function independent of the se- 
verity of electrocardiographic changes or chest pain. Be- 
fore considering the possible efficacy of therapy in silent 
ischemia, the incidence and temporal relation of its hall- 
marks, LV dysfunction, ST depression and chest pain, 
should be documented. This study applied a new ambu- 
latory ventricular function monitor to 43 patients with 
documented severe coronary artery disease to determine 
this sequence of events. 


Coie pain is one of the most common symptoms 


METHODS 

Patients: Forty-three patients (38 men and 5 wom- 
en, mean age 60 years, range 45 to 78) with chest pain 
requiring hospitalization, who had coronary artery dis- 
ease defined as a diameter reduction of >50% docu- 
mented by coronary angiography, were studied with an 
ambulatory ventricular function monitor before hospital 
discharge. Ten patients had 1-, 8 had 2- and 25 had 3- 
vessel disease. Thirty patients had a history of myocar- 
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dial infarction and 11 had undergone coronary artery 
bypass graft surgery. All patients continued their usual 
medication during the recording interval. 

Ambulatory monitoring: After intravenous injection 
of stannous pyrophosphate, the patient’s red blood cells 
were labeled with 20 to 30 mCi of technetium-99m us- 
ing a modified in vivo method.* Gated blood pool scans 
were recorded in the anterior and left anterior oblique 
projections as part of the evaluation of each patient’s 
known heart disease. At the conclusion of blood pool 
scintigraphy, the detector of the ambulatory ventricular 
function monitor was positioned over the LV blood pool 
as previously described.° Briefly, a firm plastic, vest-like 
garment was placed over the thorax. While the patient 
sat in front of the detector of the scintillation camera in 
the left anterior oblique position, the detector was care- 
fully positioned to eclipse the LV blood pool and was 
locked in its holder in the garment. Electrodes for am- 
bulatory electrocardiography were attached to record a 
modified Vs; lead in parallel with the LV time-activity 
curve in the ambulatory monitor. The recorder was 
started and the patient instructed in the use of the event 
marker. The beat-to-beat LV time activity curve, sam- 
pled at 31-ms intervals, and the electrocardiogram were 
recorded on tape. Events marked on the tape included: 
(1) the start or stop of activities—e.g., walking, sitting, 
climbing stairs, and so forth; (2) the onset of chest pain; 
(3) the time of peak severity; and (4) the time of cessa- 
tion of pain. At the end of ambulatory function data 
recording, static images were again recorded with the 
scintillation camera to verify detector positioning. The 
ambulatory ventricular function tape was read into a 
minicomputer (PDP 11/73; Digital Equipment Corp) 
for analysis.’ 
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Data analysis consisted of evaluating the radionu- 
clide data as previously described‘ and plotting the cal- 
culated ejection fraction, ST-segment analysis and event 
marks versus time. A significant decrease in LV ejection 
fraction was defined as a decrease of >5 ejection frac- 
tion units lasting >1 minute. A horizontal or downslop- 
ing ST segment of >0.1 mV lasting >30 seconds on the 
electrocardiogram was considered significant. The inter- 
val from the onset of a significant decrease in ejection 
fraction or ST segment to the onset of a chest pain 
event marker was determined. 


RESULTS 

The average recording time was 2.9 hours (range 0.3 
to 12). A representative trend analysis of 1 patient dur- 
ing angina is shown in Figure 1. The initial ejection 
fraction and heart rate were 62% and 81 beats/min, re- 
spectively. After walking up stairs, the heart rate in- 
creased to 99 beats/min but the ejection fraction de- 
creased to 47%, followed by the onset of chest pain. 
After resolution of chest pain, the ejection fraction re- 
turned to the preischemic value. 

Twenty-two episodes of angina pectoris, or ST-seg- 
ment depression, or both, were observed in 11 patients: 
3 episodes of chest pain were not associated with a tran- 
sient decrease in LV ejection fraction or ST depression; 
1 episode of ST depression was not accompanied by ei- 
ther a decrease in LV ejection fraction or chest pain; 18 
episodes (in 9 patients) of a decrease in LV ejection 
fraction of 25% lasting =60 seconds were associated 
with angina pectoris, or ST-segment depression, or both. 
The temporal relation of the onset of ejection fraction 
decrease to the onset of angina, ischemic ST change and 
maximal ejection fraction decrease in these 9 patients 


FIGURE 1. Trendgram depicting minute 7 
to minute 13 of a recording from patient 
no. 2. Average ejection fraction (EF) (solid 
line), heart rate (HR) (dashed line) are 
shown in the upper panel, while the rela- 
tive end-diastolic volume (EDV) (solid line) 
and relative end-systolic volume (ESV) 
(dashed line) are shown in the bottom 
panel. The patient began walking upstairs 
at 7.7 minutes, associated with an in- 
crease in heart rate of 18 beats/min 
(BPM). Average ejection fraction (solid 
line) began to decrease at the onset of am- 
bulation, whereas chest pain occurred 110 
seconds later. ST-segment depression (not 
shown) began 15 seconds after the onset 
of ejection fraction decrease. Resolution of 
chest pain preceded the return of ejection 
fraction to the baseline value. 


TABLE I Time Delay to the Onset of Angina, ST Change and Maximal Ejection Fraction Decrease from the Onset of Ejection 


Fraction Decrease 


Time Delay to 


Maximum 
EF 
Decrease 


a 
b 
a 
b 
a 
b 
c 
a 
b 
c 


o D 


Mean + SD 


* ST change could not be evaluated because of the presence of left bundle branch block. 


EF = ejection fraction; Ep. = episode; SD = standard deviation. 


are summarized in Table I. In 2 patients with 1 episode 
of chest pain each, the onset of angina, ST-segment de- 
pression and decrease in LV ejection fraction occurred 
concurrently. In 6 patients, 11 episodes of LV dysfunc- 
tion were manifest by a transient decrease in LV ejec- 
tion fraction associated with their characteristic chest 
pain, but without ST-segment changes. ST-segment de- 
pression could not be evaluated during 3 episodes of 
ejection fraction decrease with angina, because of left 
bundle branch block (patient 4). In 5 episodes in 3 pa- 
tients, a decrease in ejection fraction was associated 
with ST-segment depression, but without chest pain. 
The average decrease in ejection fraction was 10 points 
(range 6 to 20) and had a duration of 181 + 105 sec- 
onds. The decrease in ejection fraction was gradual, re- 
quiring 72 + 64 seconds from the time of onset to the 
nadir of ejection fraction for that episode. In 12 of the 
13 episodes of chest pain and decreased ejection frac- 
tion, the onset of angina pectoris was preceded by a de- 
crease in LV ejection fraction. In 1 episode the LV ejec- 
tion fraction decrease began simultaneously with the 
onset of angina pectoris. The average time difference 
from a decrease in ejection fraction to the onset of angi- 
na pectoris was 56 + 41 seconds (range 0 to 120). In 5 
episodes, angina occurred at the time of nadir of the 
ejection fraction decrease; in 5 episodes it occurred be- 
fore the nadir of the ejection fraction decrease, whereas 
in 3 episodes it occurred during recovery of ejection 
fraction. The average time interval from the onset of 
ejection fraction decrease to its nadir in the episodes 
with angina was 67 + 56 seconds. 

In 6 of 7 episodes of transient ejection fraction de- 
crease with ST change, ST-segment depression oc- 


Duration Maximum 
EF EF 
Decrease Decrease 
Activity 


Walking 
Sitting 
Stair 
Walking 
Bicycle 
Walking 
Bicycle 
Stair 
Walking 
Waiking 
Sitting 
Walking 
Sitting 
Walking 
Walking 
Walking 
Walking 
Walking 


181 + 105 10.3 + 4.3 





curred after the onset of ejection fraction decrease. The 
average time difference between the onset of ejection 
fraction decrease and ST change was 99 + 91 seconds. 
In 2 patients, 2 episodes of a transient decrease of ejec- 
tion fraction with chest pain and ST segment change 
were noted, where the ejection fraction decrease began 
first, followed by ST-segment depression, followed by 
chest pain. The return to normal LV ejection fraction 
followed a similar time course, where relief of chest pain 
preceded the normalization of LV ejection fraction. 


DISCUSSION 

The aim of this study was to determine the temporal 
relation between LV dysfunction, manifested by a de- 
crease in LV ejection fraction, angina pectoris, and ST- 
segment changes as evidence of myocardial ischemia in 
a group of subjects with documented severe coronary 
artery disease. 

Recent invasive animal studies showed that LV dys- 
function due to myocardial ischemia occurred before 
the appearance of electrocardiographic ST-segment 
changes, ° or, in moderate stenosis, without ST-seg- 
ment changes.'° During percutaneous transluminal cor- 
onary angioplasty in 18 patients, Hauser et al!! showed 
that dyskinesia detected by echocardiography began 19 
+ 8 seconds after coronary artery occlusion in 86% of 
procedures, whereas ST-segment changes occurred 30 
+ 5 seconds after occlusion in 36% of the procedures. 
ST changes invariably occurred after wall motion ab- 
normalities, and preceded or accompanied the onset of 
chest pain. Using echocardiography, Sugishita et al! 
reported decreases of LV posterior wall or interventricu- 
lar septum excursion earlier than ST-T changes in 15 
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patients but simultaneously in 2 during supine bicycle 
ergometer exercise. During ergonovine testing in pa- 
tients with Prinzmeta! angina, Distante et al!? used 
echocardiography to identify wall motion abnormalities 
before the onset of ST changes, followed by anginal 
pain. 

Similar results have been obtained in clinical studies 
using radionuclide methods. O’Hara et all? demon- 
strated a decrease in ejection fraction with the nuclear 
stethoscope that was detectable before the appearance 
of ST segment depression in 11 of 12 patients with sta- 
ble angina pectoris during semisupine bicycle exercise. 
Upton et al! showed a decrease, or increase of <5% 
points of ejection fraction, in 18 of 25 patients before 
the electrocardiographic evidence of ischemia using re- 
peated radionuclide first-pass angiography at rest and 
during 2-step upright bicycle exercise. They also dem- 
onstrated abnormalities of LV function before the onset 
of angina pectoris, with no patient having angina pecto- 
ris before the onset of ST-segment depression. 

These angioplasty, echocardiographic and radionu- 
clide studies are in keeping with our results in ambula- 
tory patients: LV dysfunction started earlier than angi- 
na or ST changes in the majority of subjects. LV dys- 
function is likely to be a more sensitive indicator of 
ischemia, because 8 episodes of ejection fraction de- 
crease occurred without significant ST changes. These 
episodes were suggestive of ischemia for 2 reasons: first, 
previous data in healthy volunteers did not find a de- 
crease in ejection fraction during the same activities 
performed by the patients in this trial’; and second, 
the episodes were usually accompanied by the patients’ 
typical anginal pain. It may be argued that this early 
version of the ventricular functional monitor did not 
monitor 2 leads of the electrocardiogram and that the 
sensitivity of our electrocardiographic data is therefore 
artifactually low. However, a more likely explanation is 
that some episodes of ischemia are not accompanied by 
electrocardiographic changes. Sayen et alf showed that, 
with occlusion of the small coronary branches in dogs, 
epicardial electrocardiographic changes may be insignif- 
icant, even in the presence of contractile disturbances, 
and Batter et al!” observed regional ventricular dys- 
function without surface electrocardiographic changes 
in experimental studies of coronary stenosis in dogs. In 
this study, 3 episodes of angina were associated with 
neither a decrease in ejection fraction nor ST-segment 
depression. Whether these episodes involved very small 
areas of myocardium, and thus were not associated with 
either a decrease in global function or changes in the 
surface electrocardiogram, or had some other etiology, 
is uncertain. 

The temporal relation between the appearance of ST 
change as evidence of ischemia and occurrence of angi- 
na pectoris is still controversial. In addition to Hauser,!! 
Distante!? and their co-workers, Linhart,!© Levy!” and 
their co-workers showed ST-segment changes occurring 
earlier than angina pectoris. However, Ceccht 18 Am- 
sterdam!? and their associates observed that ST-seg- 
ment changes did not always precede angina during ex- 
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ercise. In our study, only 2 patients had ST changes and 
angina pectoris; in both patients the ST change preced- 
ed angina pectoris. 

The ventricular function monitor couples radionu- 
clide techniques with Holter monitoring to provide a 
continuous beat-by-beat recording of cardiac function 
and electrocardiographic changes during the perfor- 
mance of daily activities. Previous studies with this in- 
strument and its predecessors demonstrated a good cor- 
relation between the measurement of LV ejection frac- 
tion using the ventricular function monitor system and 
that recorded with multigated imaging.”° 
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Recanalization of Chronic, Totally Occluded 
Coronary Arteries by New Angioplasty Systems 


Christian W. Hamm, MD, Wolfram Kupper, MD, Karl-Heinz Kuck, MD, 
Dirk Hofmann, MD, and Walter Bleifeld, MD 





The benefit and safety of new angioplasty equip- 
ment as compared with the conventional guidewire 
approach was evaluated in 154 consecutive pa- 
tients with chronic, totally occluded coronary arter- 
ies. The protocol followed a stepwise design: first, 
conventional guidewires and low-profile balloons 
were used, followed by “‘balloon-on-the-wire”’ sys- 
tems (Probe™, Ace™) or by a shaft-enforced, tip-de- 
flecting catheter (Omniflex™). In 97 patients with 
occlusions of 2 to 12 weeks’ duration, recanaliza- 
tion was achieved in 51 patients (53%) with the 
conventional approach and in 29 patients with the 
new devices (balloon-on-the-wire [n = 5], Omniflex 
[n = 24]), thereby raising the success rate to 82%. 
In 57 occlusions of >12 weeks’ duration, the recan- 
alization attempt was successful in 58%, mediated 
in 16 patients (28%) by the Omniflex catheter and 
in 5 patients by balloon-on-the-wire systems. There 
were no life-threatening complications and only 1 
(0.6%) emergency bypass operation was neces- 
sary. New angioplasty devices are therefore of con- 
siderable value in the attempt to improve the re- 
sults of coronary angioplasty in chronic total oc- 
clusions. 

(Am J Cardiol 1990;66:1459-1463) 
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formed today in experienced centers at a success 

rate of >90%.'2 The same primary success rate 
is achieved in fresh thrombotic occlusions, such as those 
seen in acute myocardial infarctions.*~> In contrast, suc- 
cess rates in chronic total occlusions are in the range of 
only 60%.6-!4 These results are not markedly improved 
when conventional guidewires are enforced and stabi- 
lized by balloon or reperfusion catheters.'> Recently, 
however, new angioplasty systems, with potentially use- 
ful designs for the recanalization of chronic total occlu- 
sions, have been introduced. High stability, exact torque 
control and a low profile appear to be the features es- 
sential for finding the correct channel and for pushing 
the system through the occluded segment for inflation 
of the balloon.!®!’ In the current study, the benefit and 
risk of new devices were evaluated in patients in whom 
the conventional technique failed. 


(Gi angioplasty of high-grade stenoses is per- 


METHODS 

Patient population: Between January 1987 and Jan- 
uary 1990, 154 consecutive patients (32 women, 122 
men; aged 56 + 10 [mean + 1 standard deviation] 
years) were admitted to the University Hospital Ham- 
burg for elective recanalization of total coronary artery 
occlusions by angioplasty. To be included in the study, 
the following entry criteria had to be fulfilled: estimated 
duration of occlusion of =2 weeks; stable angina pecto- 
ris or electrocardiographic or scintigraphic evidence of 
ischemia related to the target vessel; and complete oc- 
clusion (Thrombolysis in Myocardial Infarction flow 
grade 0) of a major coronary artery without a visible 
intraluminal channel, but with some retrograde or an- 
terograde opacification of the distal segment via collat- 
eral vessels. Patients with subtotally occluded vessels, 
regarded as functional occlusions by others,™!? were not 
included. 

Study protocol: Recanalizations were performed 
with surgical back-up. In all patients, the femoral ap- 
proach was used with large lumen 8Fr catheters (Inter- 
ventional Medical). Special care was taken to choose a 
guiding catheter that provided good back-up with a sta- 
ble ostial position. All patients were pretreated with as- 
pirin and received 5,000 IU of intracoronary heparin 
bolus at the beginning of the procedure, and another 
10,000 IU when the occlusion was crossed. 

According to the protocol (Figure 1), 0.012-, 0.014- 
and 0.018-inch conventional guidewires, first of floppy 
texture and then of standard stiffness (Schneider, Ad- 


vanced Cardiovascular Systems) were advanced to the ` 


TABLE I Success Rates by Vessels 
2—12 Weeks 


>12 Weeks 
14/19 (74%) 
8 


Coronary Artery 


Left anterior descending 33/42 (79%) 
Conventional 24 
‘‘Balloon-on-the-wire”’ 3 3 
Omniflex™ 6 

Left circumflex 14/17 (82%) 
Conventional 8 
“Balloon-on-the-wire’’ 2 1 
Omniflex™ 4 

Right 32/37 (86%) 
Conventional 18 
"Balloon-on-the-wire” 0 
Omniflex™ 14 10 


3 
6/8 (75%) 
2 


3 
13/30 (43%) 
2 


occlusion. When, within a limit of 10-minute fluoros- 
copy, the entrance port was found and passage achieved 
with a guidewire, a balloon of adequate size was placed 
in the lesion to open the vessel. If it was not possible to 
push a 2.0-mm USCI Mini-Profile™ balloon across the 
occluded segment, the wire was exchanged for a USCI 
Probing™ catheter followed by a USCI Probe™ (1-cm 
tip) balloon.'® In 2 patients, an Ace™ (Sci Med) bal- 
loon-on-the-wire system was introduced as the alterna- 
tive (after July 1989). 

When the occlusion was not crossed by any wire, a 
2- or 2.5-mm Omniflex™ system (Medtronic) was intro- 
duced (Figure 1). This fixed wire device is enforced by 
a spring coil and thereby provides superior pushability. 
In addition, the tip can be deflected by an external han- 
dle and is thereby pointed toward the target lumen. In 3 
patients in whom the Omniflex™ failed to cross the le- 
sion, the Magnum Meier™ system (Schneider) was used 
(after September 1989). This system was developed es- 


chronic total occlusion 


conventional guide wires 


not crossed 


Omniflex™ 


“low profile” balloon 


not successful 


balloon on the wire’ 
(Probe™ Ace™) 





FIGURE 1. Study protocol. 
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pecially for chronic total occhustons Ip The procedure 
was abandoned when, after a total of approximately 15 
minutes of fluoroscopy, no success was achieved or a 
major complication (long dissection) was encountered. 

Definitions: Duration of the occlusion was estimated 
by the date of myocardial infarction or by marked, 
abrupt change in the pattern of angina. In 10 patients, 
the duration could not reliably be determined but, ac- 
cording to the previous diagnostic catheterization, lasted 
>2 weeks although most likely not >3 months. 

A recanalization was regarded as successful when 
full anterograde flow (Thrombolysis in Myocardial In- 
farction flow grade 3) with a residual stenosis <50% in 
diameter in =2 views by caliper measurements could be 
established as the final result. 

A dissection, defined according to the National 
Heart, Lung, and Blood Institute registry criteria,! was 
considered as a complication. 

Follow-up: All patients routinely received aspirin 
(100 mg/day) after hospital discharge. Because of 
known adverse reactions to aspirin, 2 patients received 
warfarin. In 52 consecutive patients who underwent 
successful recanalization after July 1, 1988, repeat an- 
giograms were routinely obtained 3 months after suc- 
cessful recanalization or after recurrence of symptoms. 
The interval of 3 months was used because of an expect- 
ed higher success rate for potential repeat recanali- 
zations. 

Statistical analysis: Data are expressed as mean + 1 
standard deviation. Differences in outcome of recanali- 
zation were tested by means of the chi-square test. 


RESULTS 

Patient characteristics: Of the 154 consecutive pa- 
tients, 84 had a history of transmural myocardial in- 
farctions related to the occluded vessel. The coronary 
arteries attempted were: left anterior descending, in- 
cluding large diagonal branches (n = 61; 40%); left cir- 
cumflex, including large marginal branches (n = 25: 
16%); and right coronary arteries (n = 67; 43%). In 1 
patient, a saphenous vein graft was the target vessel. 

The patients were subdivided, based on American 
College of Cardiology/American Heart Association 
guidelines,’ into groups A and B, according to the esti- 
mated duration of occlusion (Table I). Group A com- 
prised 97 patients (22 women, 75 men; mean age 55 + 
10 years) with vessels occluded from 2 to 12 (mean 6 + 
3) weeks. In group B, the 57 patients (10 women, 47 
men; aged 57 + 9 years) had occlusions older than 12 
weeks (mean 22 + 9, range 13 to 52). 

Acute angiographic results: Successful recanaliza- 
tions with a residual stenosis <50% in diameter were 
achieved in 113 (73%) of 154 of all attempted occlu- 
sions. 

In group A, 51 (53%) of 97 vessels could successfully 
be recanalized with conventional guidewire systems and 
low-profile balloons. In 5 patients, the occluded segment 
could only be crossed by a wire, but not by a 2-mm low- 
profile balloon. All these occlusions were successfully 
opened by balloon-on-the-wire systems (n = 4 with 
Probe, n = 1 with Ace). Of the 41 occlusions in group 
A not crossed with guidewires, 24 could be recanalized 


with the Omniflex system, thereby increasing the total 
success rate in this group to 82% (Figure 2). 

In group B, only 12 (21%) of 57 occlusions were 
successfully recanalized with conventional angioplasty 
equipment. A balloon-on-the-wire system was success- 


ag 


FIGURE 2. A, t 
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fully applied, according to the protocol, in 5 occlusions 
(n = 4 with Probe, n = 1 with Ace). Of the 40 lesions 
not crossed with these systems, 16 (28%) could still be 
recanalized with the Omniflex system. None of the 3 
vessels unsuccessfully attempted with Omniflex could 
be recanalized with the Magnum Meier system. The fi- 
nal success rate therefore reached 58% in this group and 
was thereby significantly lower (p <0.001) than in 
group A. The oldest occlusion that could be opened had 
persisted for 32 weeks (Figure 3). 

Complications: There was no major complication, 
such as death, vessel perforation or Q-wave infarction. 
One patient (0.6%) required immediate bypass surgery 
due to acute thrombotic occlusion of a large diagonal 
branch during recanalization of the left anterior de- 
scending artery. In 7 (4%) patients (n = 1, 0.014-inch 
guidewire; n = 6 [7%], Omniflex), a large (>2 cm) sub- 
intimal dissection was induced. None of these patients 
experienced any adverse clinical effects or had creatine 
kinase elevation. There was also no evidence of embolic 
events in any of our patients. 

Analysis of failed procedures: In 41 patients, the oc- 
cluded vessel could not be recanalized. The procedure 


E 


occlusion of a large circumflex artery that (B) could not be crossed with a conventional guidewire. A 2.5-mm 


Omniflex™ passes the occlusion (C) and is inflated. D, good result with no residual stenosis. Recurrent high-grade stenosis (E) at 


6-week control angiogram. 
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> 12 weeks occlusion 
n = 57 pts. 


2-12 weeks occlusion 
n = 97 pts. 


I Omniflex 
E no success 


conventional approach 
E balloon on the wire 





FIGURE 3. Results according to duration of occlusion. 


had to be terminated because of complications in 8 pa- 
tients. In the other 33, occluded vessels (n = 14, left 
anterior descending artery; n = 5, left circumflex artery; 
n = 14, right coronary artery) failure could be linked to 
the lack of a visible entrance port (n = 8), extreme tor- 
tuosity (n = 8) or, in the presence of very good local 
collateralization (n = 9), suggesting longer-lasting oc- 
clusions. 

Follow-up angiographic results: Control angiograms 
were obtained in 52 consecutive patients after 10 + 7 
weeks after successful recanalization. In 12 patients 
(23%), reocclusions had occurred, and in 15 patients 
(29%) a restenosis >70% in diameter requiring reangio- 
plasty had developed. In the remaining 25 patients 
(48%), a persistent good result was documented. 


DISCUSSION 

Angioplasty of total coronary occlusions has been 
classified by the American College of Cardiology/ 
American Heart Association task force on the basis of 
the duration of the occlusion.! An occlusion lasting <3 
months was associated with a success rate between 60 
and 85%. In occlusions older than 3 months, the success 
was regarded to be below 60%. These figures are, how- 
ever, rather poorly supported by published data GI 

The present study confirms an 82% success rate of 
recanalization with angioplasty in patients with total oc- 
clusions of <12 weeks’ duration. Arteries occluded from 
more than 3 and up to 9 months were recanalized suc- 
cessfully in 58% of patients. These results were achieved 
to a considerable degree by the use of new angioplasty 
devices. In occlusions older than 3 months, 37% of the 
lesions were managed only by the advanced, not the 
conventional, equipment. The complication rate was low 
and emergency surgery was required in only 1 patient 
(0.6%). 

There are various limitations when comparing our 
results to previously published data. In early studies per- 
formed before 1986,’?:!! the advanced equipment was 
not available. Limited experience with the new devices 
has been reported by others.'* The current study is the 
first to analyze systematically the advantages of the new 
equipment. 
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Most other studies are based on smaller numbers of 
patients and differ with respect to patient selection and 
total occlusion definition. Because fresh and functional 
occlusions are managed today with success rates close to 
those of high-grade stenoses, we included in this study 
only patients with “true” chronic total occlusions. The 
protocol of the study does not follow a randomized de- 
sign but still allows us to appreciate the beneficial effect 
of the new equipment. We oriented our stepwise study 
design according to a rational clinical approach, aiming 
for least aggression and lowest material expense. Be- 
cause most cases can be successfully managed by a con- 
ventional approach, we advise others to begin the proce- 
dure with regular guidewires. 

To safely cross chronic total occlusions, one requires 
systems that can be pushed through the softest part 
of the occluding thrombus or fibrocellular material.!7 
High stability and exact torque control appear essential 
for such equipment. The Omniflex catheter currently 
appears to fulfill these requirements best. The recently 
introduced Magnum-Meier system is also very advanta- 
geous in this setting, but has not yet proven to be superi- 
or to the conventional approach 18 In some chronic oc- 
clusions there appears to be a soft, thin channel, which 
can be crossed only by a guidewire, but not by any over- 
the-wire balloons. Fixed wire systems were successful in 
all these lesions and should therefore be available for 
such cases. 

Despite the improved equipment, some lesions will 
resist the recanalization attempt. Our results support 
the observation that the duration of the occlusion is a 
key determinant for success. Lesions older than approxi- 
mately 9 to 12 months are associated with success rates 
that allow this procedure only in selected cases. Besides 
the previously discussed predictors of success, one major 
determinant is, obviously, the operators’ experience," as 
well as the primary morphologic criteria for patient se- 
lection. There is probably also a learning curve of angio- 
plasty for total occlusions, as demonstrated for steno- 
ses," On the other hand, increasing success rates will 
encourage the policy of accepting patients with unfavor- 
able angiographic morphology. 

The rate of restenoses in recanalized vessels is con- 
sidered to be higher than that after angioplasty of ste- 
nosed arteries.” Therefore, the indication of angioplasty 
in total occlusions has been questioned. A subset of pa- 
tients in the present study underwent routine control an- 
giography 3 months after the intervention. A complete 
reocclusion developed in 23% and a significant resteno- 
sis was observed in 29% of the patients at this early 
stage. One task of future studies is to determine the 
optimal interval between recanalization and control an- 
giography in order to maintain a good long-term result. 
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Low-Dose Aspirin Versus Anticoagulants for 
Prevention of Coronary Graft Occlusion 
Michael A. J. Weber, MD, Joerg Hasford, MD, Claude Taillens, MD, Alexander Zitzmann, MD, 


Georg Hahalis, MD, Herbert Seggewiss, MD, Axel F. Langbehn, MD, Dieter Fassbender, MD, 
Rainer Buchwalsky, MD, Karl Theisen, MD, and Erich Hauf, MD 





The prevention of graft occlusion by aspirin (100 
mg/day) or heparin followed by phenprocoumon 
was investigated in a randomized trial in 235 pa- 
tients after aortocoronary bypass operation. Aspi- 
rin treatment started 24 hours before, and heparin 
6 hours and phenprocoumon 2 days after surgery. 
The results of the vein graft angiography and the 
Clinical outcome 3 months postoperatively did not 
differ: 22% of 218 vein graft distal anastomoses in 
the aspirin group and 20% of 272 in the anticoagu- 
lant group were occluded. At least 1 occluded distal 
anastomosis was present in 38% of 74 patients in 
the aspirin-treated group and in 39% of 86 in the 
anticoagulant group. Worst-case analysis of all ran- 
domized patients showed graft occlusions, cardio- 
vascular complications or lost to follow-up in 42% 
of 122 aspirin-treated patients compared with 
41% of 113 patients treated with anticoagulants. 
For grafts with endarterectomy the occlusion rate 
was lower in the aspirin (12% of 49) than in the 
anticoagulant (22% of 41) group (p <0.05). In- 
creased perioperative blood loss in the aspirin 
group (1,211 + 814 ml in the first 48 hours vs 874 
+ 818 ml in the anticoagulant group [p <0.001)) 
without a higher reoperation rate indicates effec- 
tive platelet inhibition with low-dose aspirin. Be- 
cause occlusion rates were equal but high in these 
patients with advanced stage of coronary artery 
disease, a combination of low-dose aspirin and 
anticoagulation should be investigated to reduce 
graft occlusion rates further. 

(Am J Cardiol 1990;66:1464-1468) 
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dized by graft occlusions. They most frequently 
occur during the first hours and days after sur- 
gery and their origin is mainly thrombotic.! To prevent 
occlusions, antithrombotic therapy has to start early, 
because platelet aggregation occurs intraoperatively. 
Animal experiments have shown that the incidence of 
thrombosis in aortocoronary grafts can be decreased 
when platelet inhibition is begun in the first postopera- 
tive hour.? In clinical studies, a significant decrease of 
graft occlusions was seen in patients treated with antico- 
agulants or platelet inhibitors (aspirin 975 mg/day plus 
dipyridamole) 6 to 7 hours after surger 23 Low-dose 
aspirin also resulted in a decrease in graft occlusions. 
Whether anticoagulation or platelet inhibition is 
more effective in the prevention of graft occlusions has 
not been clearly established. Aspirin dosage and optimal 
timing of treatment are disputed. Therapy initiated be- 
fore surgery appears to improve the prevention of graft 
occlusions, but the risk of bleeding has to be evaluated. 
This prompted us to perform a centrally randomized, 
open, multicenter trial comparing the occlusion rates of 
grafts, bypass vessels, perioperative blood loss and clini- 
cal results in patients after coronary bypass operation 
treated with platelet inhibitors or anticoagulant therapy, 
respectively. Platelet inhibition was managed with aspi- 
rin (100 mg/day) starting 24 hours preoperatively, and 
anticoagulation with heparin starting 6 hours and phen- 
procoumon starting 2 days after surgery and continued 
until time of control angiography. 


Të success of coronary bypass operation is jeopar- 


METHODS 

Three hundred and twenty-five patients with an indi- 
cation for bypass surgery, in 4 cardiology centers, were 
screened for the trial and 235 patients were random- 
ized. Exclusion criteria were: gastrointestinal ulcers, 
bleeding disorders, allergy to aspirin or phenprocoumon, 
severe retinopathy, obstructive lung diseases, chronic 
use of analgesics or platelet inhibitors, venous thrombo- 
sis, atrial fibrillation, and additional surgery such as 
valve replacement. After patients gave informed con- 
sent, the randomized therapy was assigned via telex. 
Randomization was stratified by 4 factors: endarterec- 
tomy, ejection fraction <35%, single bypass, all others, 
and done 24 hours before surgery, because aspirin ther- 
apy had to be started immediately. 

Ten days before surgery all platelet-inhibiting medi- 
cation was discontinued. Heparin was not increased or 
given in the aspirin group. Anticoagulation was begun 





TABLE I Preoperative Characteristics of the Patients 


No. of patients 122 113 
Mean age (yrs) 56.647.3 55.6 + 8.0 
Weight (kg) 74.24+8.9 74.948.4 


No. (%) No. (%) 
Men 100 (82) 
Family history of CAD 34 (28) 30 (27) 
Systemic hypertension (RR 2 160/90) 55 (45) 61 (54) 
Diabetes mellitus 19 (16) 9 (8) 
Cigarette smoking 64 (52) 60 (53) 

(within last 5 years) 
Total cholesterol (2250 mg/dl) 
Myocardial infarction (Q-wave) 
Myocardial infarction (non-Q-wave) 
Peripheral arterial disease 
Angina related to exertion 
ST-segment depression with exertion 
Angina unrelated to exertion 
Drugs 

Nitrates 

Beta-blockers 


96 (85) 


66 (58) 
49 (43) 
16 (14) 
17 (15) 
82 (73) 
65 (58) 
20 (18) 


50 (41) 
59 (48) 
15 (12) 
18 (15) 
73 (60) 
62 (51) 
29 (24) 
111 (91) 97 (86) 
78 (69) 


TABLE Il Operative Characteristics of the Patients 


Calcium antagonists 


Digitalis 
Diuretics 


85 (70) 
63 (52) 
16 (13) 
25 (20) 


66 (58) 
27 (24) 
19(17) 


No. of patients 122 113 
Distal anastomoses 363 349 
Distal anastomoses per patient 2.97 3.08 
(mean) 
Single grafts 194 207 
Sequential grafts 65 73 
Endarterectomy 97* 57 
Of the left coronary system 57 26 
Of the right coronary artery 40 31 
Mammary artery grafts 7 12 
Operation time (min) 267 +73 269 + 69 
Cardiopulmonary bypass time (min) 102 + 42 105 +43 
Aortic cross-clamping time (min) 48 +22 52+ 20 
Heparin (mg) 292 + 33 292 + 33 
Protamin (mg) 1784+73 17567 
Activated clotting time after bypass 131455 131455 
(normal £120 sec) 
Partial thromboplastin time 48 hours 33+11 3449 
postoperative (normal <35 sec) 
Platelet count 48 hours postop. 111+41 126 + 53 
(109 dl 
Hemoglobin 48 hours postop. (g/dl) 12.04+1.5 12.34 1.4 
Reoperation 9 10 
Aortic counterpulsation 9 5 
Perioperative myocardial infarction 16 15 


Median + SD 
94+ 30 91+22 
250 + 52 258 + 53 
177 +90 198+ 85 
58+15 57+18 
74437 65+ 35 


AC = anticoagulation; ASA = acetylsalicylic acid; CAD = coronary artery disease; 
SD = standard deviation. 


Fasting plasma glucose (mg/dl) 
Total cholesterol (mg/dl) 

Total triglycerides (mg/dl) 
Ejection fraction (%) 

Severity of CAD (Gensini score) 





with heparin administered intravenously in a constant 
dose of 10,000 U/24 hours and phenprocoumon was 
added 48 hours after surgery. After reaching a pro- 
thrombin index of 30% heparin was discontinued. Only 
analgesics that do not interfere with platelet inhibition 
were administered postoperatively. 

Treatment adherence: To evaluate the aspirin ac- 
tion, thromboxane was measured 48 hours before sur- 
gery and also at 24 hours, 48 hours, and 14 and 80 days 
after surgery. These tests were limited to 54 consecutive 
patients. Human brain thromboplastin was used in 2 of 
3 prothrombin index measurements with a therapeutic 
range of 15 to 30% or 2.4 to 4.0 international normal- 
ized ratio. The results of laboratories using different 
thromboplastins were cross-checked for normal and 
therapeutic range with control plasma. In all patients 
receiving anticoagulation, the prothrombin index was 
measured daily for the first 10 days after surgery and 
then weekly thereafter. 

Surgical procedure: AU patients underwent opera- 
tion in 1 surgical center with 5 surgeons participating. 
Systemic hypothermia to 28°C was used. The saphe- 
nous vein was irrigated with heparinized saline solution 
and slightly distended. The coronary artery lumen was 
measured by calibrated probes. During cardiopulmo- 
nary bypass, distal anastomoses were performed first 
with 7-0 prolene; proximal anastomoses were then con- 
structed during rewarming with running 6-0 prolene. 
Protamin was then administered to neutralize heparin 
until activated clotting time was <120 seconds. Chest 
tube blood loss was recorded hourly and autotransfused 





New Q waves or loss of R waves 


* p $0.05. 
Values are expressed as mean + standard deviation. 


postop. = postoperatively; other abbreviations as in Table I. 


in most patients. Blood transfusion requirements during 
and after operation were tabulated for each patient. 

Control angiography: A control angiography was 
planned at 8 to 12 weeks after surgery. The grafts were 
opacified selectively in 22 projections. An additional bi- 
plane aortic root angiography was performed if a bypass 
could not be identified. The data were analyzed central- 
ly and blindly by 3 independent investigators. Grafts 
(distal anastomoses) fully visualized to supply the distal 
artery during selective injection were called “patent”; 
otherwise, they were considered occluded. Each distal 
anastomosis was calculated separately. If there was a 
suspicion, deep vein thrombosis was diagnosed by angi- 
ography and pulmonary embolism by scintigraphy. 

Data analysis and statistics: After data recording, 
verification of errors and comparison of the baseline 
characteristics, statistical analysis was performed using 
the intention-to-treat strategy. An a error level of 0.05 
was chosen. The trial protocol had been accepted by the 
ethics committee of the University of Munich. 


RESULTS 

Randomization led to comparable treatment groups 
(Tables I and II). The intraoperative situation, however, 
made changes concerning the stratum endarterectomy 
subsequently necessary. Each of the participating sur- 
geons operated on a comparable number of patients re- 
ceiving both therapies. Sixty-one percent (74 of 122) of 
the aspirin-treated patients and 76% (86 of 113) of the 
phenprocoumon-treated patients underwent control an- 
giography performed 82 + 53 days (aspirin group) and 
81 + 46 days after surgery, respectively (phenprocou- 
mon group). The consent to the control angiography 
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No. of patients 

Patients with =1 distal anastomoses 28 34 
occluded at vein-graft angiography 

Patients without vein-graft angiography 


With angina pectoris or new infarction 3 2 
With other cardiovascular complication 12 6 
Breakup (intolerance to ASA, 5 3 
bleeding complication, indication 
for anticoagulation in ASA group) 
Dropout (lost to follow-up) 3 l 
Worst case analysis: graft occlusion, 51 46 
cardiovascular event, breakup, dropout (42%) (41%) 





Abbreviations as in Table l. 


was withdrawn by 28 patients in the aspirin group and 
17 patients in the phenprocoumon group. Of these pa- 
tients 25 treated with aspirin and 15 with phenprocou- 
mon were free of symptoms. 

The graft occlusion rate did not differ significantly 
in both groups. Twenty-two percent (47 of 218) of distal 
anastomoses were occluded in the aspirin group com- 
pared with 20% (55 of 272) in the phenprocoumon 
group. In the aspirin group, 38% (28 of 74) of the pa- 
tients had at least 1 bypass occluded, whereas the per- 
centage in the anticoagulant group was 39% (34 of 86) 
(Figure 1). 

When patients without control angiography were 
added to the analysis, clinical end points, breakups, 
dropouts or graft occlusions occurred in 42% (51 of 
122) of patients in the aspirin group and in 41% (46 of 
113) of patients in the anticoagulant group (Table III). 

With regard to the different vessel areas and diame- 
ters, no significant difference in the occlusion rates was 
found (Table IV). The occlusion rate of bypassed steno- 
ses was 19% (35 of 187) in the anticoagulant group 
compared with 25% (43 of 169) in the aspirin group 
(difference not significant). At the time of control angi- 
ography, 66% of aspirin-treated patients no longer had 
angina and 26% had improvement in their condition. In 
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Left anterior descending 9/68 (13) 10/80 (12) 

Diagonal branch 3/14(21) 7/31 (23) 

Left circumflex 27/77 (35) 20/84 (24) 

Right 8/59 (14) 18/77 (23) 
Coronary diameter 

<1.5mm 30/124 (24) 40/177 (23) 

21.5 mm 15/68 (22) 13/61 (21) 
Type of graft 
Single graft 32/123 (26) 33/166 (20) 
Sequential graft 9/43 (21) 12/58 (21) 
Endarterectomy* 6/49 (12) 9/41 (22) 
Mammary artery eg 1/7 





* p <0.05. 
Abbreviations as in Table I. 


the anticoagulant group the figures were 68 and 26%, 
respectively. In contrast to these results, the occlusion 
rate of endarterectomized vessels was lower with aspirin 
(12%, 6 of 49) than with anticoagulant therapy (22%, 9 
of 41) (Table IV). 

The mean blood loss via pericardial drainages in the 
aspirin group was 1,211 + 814 ml compared with 874 
+ 818 ml in the anticoagulant group (p <0.001). Cor- 
respondingly, the mean transfusion volume was in- 
creased by 343 ml (p $0.001) (Figure 2). 

Complications: Six patients in the aspirin and 1 pa- 
tient in the anticoagulant group died from perioperative 
myocardial infarction; 1 patient taking aspirin had a ce- 
rebral emboly and another had septic shock after con- 
gestive heart failure. In the anticoagulant group, 1 pa- 
tient died from acute left ventricular failure after 
aneurysmectomy. This patient should not have been 
randomized. From each group, | patient died suddenly 
of cardiac causes during the further course of the study. 
The difference in the number of casualties in both 
groups was not statistically significant. Endarterectomy 


FIGURE 1. Occlusion rates of vein grafts. 
The rates refer to all vein graft distal 
anastomoses in patients who had vein 
graft angiography and are expressed as 
(%) of occluded distal anastomoses and 
proportion of patients with at least 1 oc- 
clusion. AC = anticoagulant therapy; ASA 
= acetylsalicylic acid. 


patient 


proved to be a particular risk factor: 7 of the 11 casual- 
ties after surgery and 22 of the 31 patients with peri- 
operative myocardial infarction had undergone an end- 
arterectomy. Further nonfatal complications are listed 
in Table V. 

Treatment adherence: Platelet thromboxane forma- 
tion was completely suppressed in 95% of all patients 
tested. In the anticoagulant group, heparin was given 
for 5 + 2 (2 to 22) days (mean prothrombin index after 
6 to 7 days was 32 + 17%, and after 9 to 10 days 
22 + 9%). Routine measurements in the anticoagulated 
group showed a prothrombin index <30% in 78% of the 
patients. Patients with at least 1 bypass occlusion did 
not have higher levels of the prothrombin index than 
those with no occlusion. Cross-checks with identical ref- 
erence plasmas corresponded well in 9 of 10 checks. 


DISCUSSION 

Graft occlusion rate: When treatment with low-dose 
aspirin or anticoagulants was compared in 235 patients 
after aortocoronary bypass operation, no significant dif- 
ference favoring either form of therapy was seen. The 
occlusion rate of distal anastomoses, the major end 
point, was 21.6% with aspirin and 20.2% with antico- 
agulant therapy. The 95% confidence interval for this 
difference is 1.4 + 7.2%; this supports the conclusion 
that there is no clinically relevant difference in bypass 
occlusion rates between aspirin and anticoagulants. This 
is supported by 2 other studies after bypass surgery with 
platelet inhibition versus anticoagulation showing occlu- 
sion rates of 16% with ticlopidin and 18% with aceno- 
coumarol,® and 20% with aspirin plus dipyridamole ver- 
sus 16% with phenprocoumon.’ The significant lower 
occlusion rate among patients who underwent endarter- 
ectomy and were treated with aspirin rather than anti- 
coagulants confirms reports indicating that platelet inhi- 
bition after endarterectomy improves patency.® 

The bypass occlusion rate (20 and 22%, respectively) 
of distal anastomoses is higher than the numbers report- 
ed by other investigators,>+°*"!” but is supported by a 
recent study (16 to 20% occlusion rate).’ In contrast to 





Ischemic stroke 2 2 
Hemorrhagic stroke — — 
Pulmonary embolism 2 — 
Deep venous thrombosis 1 — 
Gastrointestinal bleeding 1 2 
(requiring 22 units of blood) 
Macrohematuria 3 7 
Pericardial effusion 14 23 


(20.5 cm diastolic) 
Pericardial tamponade — 
Atrial fibrillation 48 34 


* Multiple complications possible. 
Abbreviations as in Table l. 


most studies, patients with a higher risk for occlusion 
like diabetes mellitus, unstable angina, or necessity for 
endarterectomy were included in our study, as were pa- 
tients who underwent emergency operation. They repre- 
sent about 70% of all patients undergoing coronary ar- 
tery surgery at the participating cardiology centers dur- 
ing the study period compared with only 21% in the 
Veterans Administration Cooperative Study.'’ The rate 
of control angiography was 68% overall, which was in- 
fluenced in part, by the patients’ symptoms, thus prese- 
lecting patients with a higher bypass occlusion rate for 
the control angiography. Overall, the high occlusion 
rates reflect the advanced stage of coronary artery dis- 
ease in these patients as is outlined by the high number 
of GEES (22% of all grafts compared with 
1.7%'"). 

Complications: Anticoagulation increased the risk of 
perioperative pericardial effusions and therefore also the 
risk of tamponades. Severe bleeding was rare in both 
groups. Gastrointestinal side effects did not occur with 
the low dosage of aspirin used. 

The frequency of perioperative infarctions (13%) 
and mortality (3.8%) agrees with results reported in 
other studies with a comparable number of endarterec- 


n=235 


Du mgaag) 
AC 


p < 0.001 p <0. 001 


1211 | 2814 e SD 


FIGURE 2. Chest tube drainage and blood 

transfusion during the first 48 hours after 
. SD = standard deviation; other 

abbreviations as in Figure 1. 
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tomies, especially to the left coronary artery.*!8 Mortal- 
ity in patients without endarterectomy was <1% as also 
described by other workers.>4 Detailed analyses did not 
indicate a correlation between study medication and ca- 
sualties. 

Timing of therapy: An early postoperative onset of 
therapy is of major importance for successful prevention 
of bypass occlusion.*:!> Starting therapy 3 to 6 days af- 
ter surgery has added to the failure of a number of stud- 
ies concerning antithrombotic therapy after bypass op- 
eration.'*"!° Further improvement in prevention of graft 
occlusion seemed to be made possible by a preoperative 
start of platelet inhibition, but this resulted in increased 
blood loss. Whether it improves patency rates has not 
yet been demonstrated. 

Aspirin dosage: Low-dose aspirin is at least equally, 
possibly even more potent than high-dose aspirin, be- 
cause aspirin in low doses reduces thromboxane A) pro- 
duction more effectively than the genesis of prostacy- 
clin.!% This fact might enhance the platelet-inhibiting 
effect.?!?2 This so-called pseudoselective inhibition of 
thromboxane persists in arteriosclerotic patients and 
during long-term use.**-*> In clinical studies, the anti- 
thrombotic effect could not be increased by higher dos- 
ages or by adding dipyridamole.?:!” 

Reduction of myocardial infarction and death was 
demonstrated with low-dose aspirin in unstable angina, 
after thrombolysis in acute myocardial infarction and in 
a primary prevention trial.2°?8 The low dosage (eg, 
100 mg/day) should be given, because adverse effects 
are dose dependent but antiplatelet activity is not. A 
comparable increase in blood loss, particularly linked to 
a higher incidence of reoperation was found when a 
higher dosage of aspirin was administered preoperative- 
ly.1617 

Because occlusion rates were equal but high in these 
patients with advanced coronary artery disease, a com- 
bination of low-dose aspirin and anticoagulants should 
be investigated to reduce graft occlusion rates further. 
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SYSTEMIC HYPERTENSION 


Arterial Vasodilator Effects of the 
Dihydropyridine Calcium Antagonist Amlodipine 
Alone and in Combination with Verapamil in 
Systemic Hypertension 


Wolfgang Kiowski, MD, Paul Erne, MD, Lilly Linder, MD, and Fritz Rolf Buhler, MD 
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The arterial vasodilator properties of the dihydro- 
pyridine calcium antagonist amlodipine were com- 
pared with the effects of vascular muscle cyclic 
guanosine monophosphate production by sodium 
nitroprusside and with the effects of a combined in- 
fusion of amlodipine and the nondihydropyridine 
calcium antagonist verapamil in 8 untreated pa- 
tients with primary hypertension. Arterial vasodila- 
tation was assessed by measurement of changes of 
forearm blood flow by mercury in Silastic strain- 
gauge plethysmography during brachial artery 
drug infusions. Forearm blood flow increased dur- 
ing amlodipine infusions (0.4 to 45 yg/min/100 ml 
forearm tissue) from 2.9 + 1.7 to a maximum of 
23.6 + 7.6 mi/min/100 ml (687%), while sodium 
nitroprusside caused an increase from 3.0 + 1.8 to 
16.2 + 5.4 ml/min/100 ml (449%), attesting to the 
importance of transmembrane calcium influx for 
the maintenance of vascular tone. The addition of 
verapamil 40 y»g/min/100 mi to an infusion of am- 
lodipine 44.5 yg/min/100 mi resulted in a further 
increase of forearm blood flow, from 23.6 + 7.6 to 
34.4 + 9.8 mli/min/100 ml (p <0.05). The precise 
mechanisms of this finding have yet to be elucidat- 
ed but may be due to interactions of the effects of 
the binding of these 2 chemically and pharmacolog- 
ically different calcium antagonists to distinct bind- 
ing sites at calcium channels. The clinical relevance 
of this observation for the treatment of coronary 
artery disease and systemic hypertension needs 
further study. 

(Am J Cardiol 1990;66:1469-1472) 
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cular muscle cells and therefore are potent arte- 

rial vasodilators.!-3 To block sarcolemnal calci- 
um flux into the cell, calcium antagonists interact in a 
specific but not yet completely understood way with the 
structure of calcium channels.* It has been shown that 
the 3 principal classes of calcium antagonists (e.g., dihy- 
dropyridine calcium antagonists, verapamil and diltia- 
zem-like compounds) bind to different sites at calcium 
channels 2-7 However, it is not known whether blockade 
by 1 type of drug leads to maximal reduction of calcium 
influx or whether a combination of 2 different calcium 
antagonists results in a greater inhibition of calcium in- 
flux and, therefore, vasodilatation. Clinical studies have 
shown that the combination of 2 calcium antagonists 
from 2 different classes produced greater antiischemic 
effects in patients with vasospastic and effort angina 
pectoris.-!! Although the underlying mechanisms for 
this additional clinical effect are unknown, the possibili- 
ty exists that the vasodilating effects of both drugs are 
additive to each other. To investigate this contention, we 
studied the vasodilating effects of 2 calcium antagonists 
from 2 different classes (e.g., the dihydropyridine amlo- 
dipine and the phenylalkylamine-derivative verapamil) 
using the model of intraarterial drug infusion into the 
human forearm. Furthermore, we compared the vasodi- 
lator effects of calcium channel blockade with the ef- 
fects of sodium nitroprusside, which stimulates produc- 
tion of vascular cyclic guanosine monophosphate. !? 


(a antagonists reduce calcium influx into vas- 


METHODS 

Patients: The vasodilator activity of amlodipine was 
investigated in 8 patients (5 men and 3 women, aged 44 
to 59 [mean + standard deviation 51] years) with mild 
to moderate hypertension who were either previously 
untreated or had been taken off any medication for 22 
weeks. Casual sitting blood pressure without therapy 
was 172 + 6/108 + 3 mm Hg. The study protocol was 
approved by the hospital ethics committee and all pa- 
tients gave informed consent. 

Forearm blood flow measurements: The model of 
intraarterial drug infusion into the forearm was used 
to assess the drug’s effects on vascular resistance 
independent of systemic hemodynamic effects and pos- 
sible counterregulatory reflexly mediated hemodynamic 
changes. Details of the procedure have been described.’ 
In short, the brachial artery of the nondominant arm is 
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cannulated for direct measurement of blood pressure 
and intraarterial drug infusion. Forearm blood flow was 
measured by venous occlusion plethysmography, with 
the hand excluded from the circulation during measure- 
ments. Four to 6 measurements were recorded every 
minute and averaged for analysis. 

Study protocol: Forearm blood flow was measured 
at rest and during the third minute of an infusion of 
sodium nitroprusside (0.6 ug/min/100 ml forearm tis- 
sue) delivered by a constant-speed infusion pump. The 
dose was chosen based on previous findings of maximal 
regional vasodilatation without significant systemic he- 
modynamic effects.!? After forearm blood flow had re- 
turned to control values, ascending dosages of amlodi- 
pine (0.4, 0.8, 1.6, 3, 6, 12, 22.5 and 45 ug/min/100 ml 
forearm tissue) were infused; forearm blood flow was 
measured in the third minute of each infusion. Because 
amlodipine has a long duration of action,'+!5 it was 
found impractical to wait for forearm blood flow to re- 
turn to control values after amlodipine infusions. There- 
fore, after the last amlodipine infusion, verapamil was 
infused in a dose of 40 wg/min/100 ml in combination 
with amlodipine 44.5 ug/min/100 ml over 3 minutes. 
Forearm blood flow was measured in the third minute 
of the combined infusion. The dose of verapamil was 
chosen based on a previous study that demonstrated 
that this dose was half the dose required for maximal 


A forearm 
blood flow 
(mi/min/100 ml) 


1.0 


10 


regional vasodilatation (e.g., an increase of forearm 
blood flow without systemic hemodynamic effects).!6 
The time schedule of drug-effect assessments was based 
on the finding that, for both compounds, forearm blood 
flow increased rapidly in the first minute of drug infu- 
sion and was constant from the second minute onwards. 
Calculations: All values are presented as means + 
standard deviation as an index of dispersion. Forearm 
vascular resistance was calculated by dividing mean ar- 
terial pressure and forearm blood flow (expressed in 
units). Student’s paired r test was used for assessment of 
differences between the various interventions. 


RESULTS 

There were no significant changes in blood pressure 
or heart rate after any of the intraarterial infusions, in- 
dicating a lack of systemic effects of the intraarterial 
infusion regimens. Thus, changes of forearm hemody- 
namics can be ascribed only to the drug’s peripheral 
vascular actions. 

The results of the intraarterial infusions of amlodi- 
pine on forearm blood flow are shown in Figure 1. Am- 
lodipine increased forearm blood flow significantly and 
dose dependently from 2.9 + 1.7 ml/min/100 ml dur- 
ing control conditions to 23.6 + 7.6 ml/min/100 ml 
during infusion of the highest dosage. Accordingly, cal- 
culated forearm vascular resistance decreased by a 


FIGURE 1. Changes of forearm blood flow 
during graded brachial artery infusions of 
amlodipine in 8 patients with primary hy- 
pertension. Values are means + standard 
deviation (SD). 
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FIGURE 2. Comparison of vasodilator ef- 


sion. Values are means + standard devi- 
ation (SD). 
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maximum of 87.5 + 6.7%. There was no additional in- 
crease in forearm blood flow or decrease of forearm vas- 
cular resistance from the second highest to the highest 
dose, indicating that the maximal vasodilator effect of 
amlodipine was achieved with the infusion regimen. The 
comparative vasodilator effects of sodium nitroprusside, 
amlodipine and the combination of amlodipine and ve- 
rapamil are depicted in Figure 2. Whereas sodium ni- 
troprusside increased forearm blood flow from 3.0 + 1.8 
to 16.2 + 5.4 ml/min/100 ml) (449%), amlodipine in- 
creased flow to a significantly greater extent (23.6 + 
7.6 ml/min/100 ml [687%], p <0.01). Addition of ve- 
rapamil (40 wg/min/100 ml) to amlodipine (45 ugi 
min/100 ml) increased forearm blood flow significantly 
further, to above the level achieved with amlodipine 
alone (34.4 + 9.8 vs 23.6 + 7.6 ml/min/100 ml, p 
<0.05). No relation was found between increases of 
forearm blood flow in response to any drug or drug 
combination and blood pressure. 


DISCUSSION 

Our results demonstrate that amlodipine, like nifedi- 
pine,? verapamil,'® or diltiazem,!’ is a powerful arterial 
vasodilator, leading to greater vasodilatation as com- 
pared to sodium nitroprusside, which acts through ele- 
vation of cytosolic cyclic guanosine monophosphate lev- 
els. Although we did not construct a dose-response 
curve for sodium nitroprusside, the dose used has been 
shown to result in maximal forearm vasodilatation.!*'® 
Thus, this finding underscores the importance of trans- 
membrane calcium influx for the maintenance of vascu- 
lar tone, particularly in hypertensive patients in whom 
calcium-influx-dependent vasoconstriction is greater 
than in normotensive subjects.'* Accordingly, a reduc- 
tion of this component of vascular tone has been advo- 
cated as a physiologic and rational way to normalize 
blood pressure at rest, AGT during physical exercise!?° 
and mental stress.2! The peripheral and coronary vaso- 
dilator activity of these compounds also play a major 
role in their antiischemic effects.” 

One interesting observation is the finding that the 
combination of 2 calcium antagonists from different 
classes leads to greater vasodilatation than amlodipine 
alone. There is no ready explanation of this finding. 
However, at least 2 different molecular binding sites 
have been demonstrated (e.g., for dihydropyridine, vera- 
pamil and diltiazem-type calcium antagonists).°-’ Al- 
though the exact interactions between these structures 
are not completely understood, there seems to be a clos- 
er similarity, if not an identity, between the verapamil 
and diltiazem binding sites than between either the ve- 
rapamil and dihydropyridine or the diltiazem and dihy- 
dropyridine binding sites.’ Thus, effects of a dihy- 
dropyridine in combination with a nondihydropyridine 
calcium antagonist might be expected, on theoretical 
grounds, to be more pronounced than the combination 
of verapamil and, for example, diltiazem. Our data with 
combined infusions of amlodipine and verapamil are 
compatible with this hypothesis. 

The choice of the verapamil dosage (40 ug/min/100 
ml) used for the combined intraarterial infusion needs 


comment. This dose has been previously shown to be 
half the dose required for maximal vasodilatation in the 
forearm model.! Thus, a greater dose of verapamil 
might have caused even greater vasodilatation in combi- 
nation with amlodipine than the submaximal dose used 
in our study. 

There are limited clinical data showing that the 
combination of the dihydropyridine calcium antagonist 
nifedipine with diltiazem is more effective in the treat- 
ment of vasospastic®? or effort angina pectoris'®'! than 
either drug alone. Although the antiischemic effect of 
systemically administered calcium antagonists in effort 
angina pectoris entails more than peripheral vasodilata- 
tion, the additive effects in vasospastic angina might be 
taken as evidence for an additive coronary vasodilator 
effect, similar to the one observed in the forearm circu- 
lation in our study. 

In all, our data indicate that the dihydropyridine cal- 
cium antagonist amlodipine is in itself a potent vasodila- 
tor of human resistance vessels. The additional vasodi- 
latation combined with verapamil suggests that co-ad- 
ministration of nondihydropyridine and dihydropyridine 
calcium antagonists may be useful in certain situations. 
However, more data are needed to document the mech- 
anisms of interaction, the efficacy, tolerability, and, in 
particular, the safety of systemic applications of such 
combinations. 
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Left Ventricular Filling Impairment in 
Asymptomatic Chronic Alcoholics 


Markku Kupari, MD, Pekka Koskinen, MD, Antti Suokas, MD, and Markku Ventila, MSc 


MG EL Ne Gd Cece et a SEE es Be ee 
Systolic left ventricular dysfunction is relatively 
common in even asymptomatic alcoholics, but 
whether diastolic function is also altered is much 
less well-studied. We used M-mode and Doppler 
echocardiography to study left ventricular size, 
mass, systolic function and diastolic filling in 32 al- 
coholics free of clinically detectable heart disease 
and in 15 healthy control subjects. Left ventricular 
mass index and posterior wall thickness were high- 
er in alcoholics than in controls, but there was no 
statistically significant difference either in end-dia- 
stolic size or in systolic ventricular function. More 
abnormalities were found in the Doppler indexes of 
diastolic function, however. The alcoholics had a 
prolonged relaxation time (200 + 6 vs 184 + 5 ms 
[mean + standard error], p <0.05), a decreased 
peak early diastolic velocity (52 + 2 vs 60 + 3 cm/ 
s, p <0.05), a slower acceleration of the early flow 
(410 + 18 vs 552 + 43 cm/s’, p <0.01), anda 
higher atrial-to-early peak velocity ratio (0.74 + 
0.04 vs 0.60 + 0.05, p <0.05). This pattern of 
changes suggests a primary abnormality in the re- 
laxation of the left ventricle. In multivariate analy- 
ses, the abnormalities in the Doppler indexes were 
independent of the duration of alcoholism, the 
quantity of the most recent ethanol exposure and 
the increased mass of the left ventricle. Impaired 
early filling of the left ventricle due to delayed re- 
laxation is common in asymptomatic alcoholics and 
may in fact be the earliest functional sign of pre- 
clinical alcoholic cardiomyopathy. 

(Am J Cardiol 1990;66:1473-1477) 
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he preclinical form of alcoholic cardiomyopathy is 

characterized by left ventricular hypertrophy, 

mild systolic dysfunction, poor response to an af- 
terload challenge and a propensity for arrhythmias.'* 
Whether the diastolic heart function is also altered is 
much less studied, although both impaired and well- 
maintained left ventricular filling have been reported.>-’ 
Yet, in experimental animals, impaired left ventricular 
compliance has been reported to be the first symptom of 
alcohol’s chronic cardiotoxicity.» We have shown that, 
apart from its preload decreasing effect, alcohol has lit- 
tle or no acute influence on left ventricular filling in 
healthy nonalcoholic subjects.’ In the present study we 
examined diastolic function by Doppler echocardiogra- 
phy in alcoholics without clinically detectable heart dis- 
ease. Our aim was, first, to compare alcoholics with 
healthy subjects and, second, to examine by methods of 
multivariate analysis whether the diastolic ventricular 
function in alcoholics is dependent on the duration of 
heavy drinking or on the quantity of the most recent 
ethanol exposure. 


METHODS 

Alcoholics: Thirty-seven alcoholics were consecutive- 
ly hospitalized for detoxification and research purposes. 
They were initially admitted either to a municipal de- 
toxification center or to a nearby psychiatric unit and 
were then referred to our hospital if they consented to 
participate in research projects necessitating a 2- to 
6-week stay in a medical ward. For inclusion into the 
present investigation, they also had to be free of history, 
symptoms and signs of any manifest cardiovascular or 
metabolic disease, and a Doppler ultrasound study of 
mitral flow had to be technically possible. Historical 
hangover-related transient palpitation or chest pain un- 
like angina pectoris was not used as an exclusion criteri- 
on. The final study group comprised 32 male alcoholics 
aged 30 to 55 years; their mean age (+ standard devi- 
ation) was 39 + 7 years. 

Procedures: The day after admission the patients 
underwent routine laboratory tests to study, among oth- 
er parameters, blood count, serum electrolytes (includ- 
ing magnesium and calcium) and liver enzymes. A 12- 
lead electrocardiogram was recorded at a speed of 50 
mm/s, and a chest radiogram was also recorded. 

The studies in the cardiovascular laboratory were 
made after symptoms of withdrawal from alcohol were 
over, a median of 13 days after the last drink (range 4 
to 55). The patients were examined clinically and ques- 
tioned carefully regarding their drinking habits, past 
and present. The total duration (years) of heavy 
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TABLE I intraobserver and Interstudy Repeatability of 
Doppler Echocardiographic Indexes of Left Ventricular 
Diastolic Function 


Root-Mean-Square 
Difference* 


Intraobserver Interstudy 


Relaxation time (ms) 

Peak early diastolic velocity (cm/s) 
Peak atrial velocity (cm/s) 
Atrial-to-early peak velocity ratio 
Acceleration of early flow (cm/s?) 
Deceleration of early flow (cm/s?) 
Peak filling rate (s~!) 


* Represents standard deviation of the difference between 2 measurements of the 
same tracing (intraobserver repeatability) or between 2 separate recordings of the 
same patient (interstudy repeatability).! 


consumption and the length (weeks) of the last drink- 
ing period were recorded separately. The types and 
amounts of all alcoholic beverages typically consumed 
in 1 day were noted, converted into grams of absolute 
ethanol and added up to produce an estimate of daily 
consumption. The quantity of recent ethanol exposure 
(g/kg) was calculated by multiplying the estimate of 
daily ethanol consumption by the number of days in the 
last drinking period and dividing the product by body 
weight. The length of smoking history was also record- 
ed, along with the number of cigarettes currently 
smoked per day. 

After the clinical assessment and interview, patients 
underwent a combined 2-dimensional and M-mode 
echocardiographic study of the left ventricle and a 
pulsed Doppler examination of the transmitral flow. 
Blood pressure was measured using a calibrated sphyg- 
momanomster and the cuff method. All cardiovascular 
studies were made =2 hours after the last meal. 

Imaging echocardiography: The cardiac imaging 
studies were performed using a Toshiba SSH-60A 
echocardiograph equipped with a 3.7-MHz phased-ar- 
ray transducer and a strip-chart recorder. A 2-dimen- 
sional evaluation was made first to rule out gross seg- 
mental abnormalities of left ventricular function. A 
standard M-mode recording of the left ventricle was 
then performed by methods described in detail previous- 
ly!0; the recording speed was 50 mm/s. The strips were 
coded and later analyzed blindly using an x-y digitizer 
and computer assistance. The following left ventricular 
measurements were made, as recently described!!: end- 
diastolic diameter, fractional shortening, mass, septal 
thickness, posterior wall thickness, and thickness-to-ra- 
dius ratio. The end-diastolic diameter and mass of the 
left ventricle were indexed by dividing with body area. 
All measurements were averaged over 5 cardiac cycles. 

Doppler echocardiography: Pulsed Doppler record- 
ings of the transmitral flow were made with a Toshiba 
SDS-60A Doppler unit and a 2.5-MHz transducer. The 
studies were performed with the subject in left lateral 
recumbency and using an apical transducer position. 
The ultrasound beam was directed parallel to the as- 
sumed left ventricular inflow and the sample volume 
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was placed between the mitral valve leaflets, just distal 
to the mitral anulus. The position and size of the sample 
volume were adjusted to obtain maximal and clearly de- 
fined velocity wave forms. No angle correction was ap- 
plied. The velocity spectra were recorded during quiet 
respiration, together with an electrocardiogram and an 
external phonocardiogram at a paper speed of 50 mm/s. 

The midpoints of the darkest portions of the Doppler 
velocity wave forms were traced on the digitizing tablet 
to calculate the peak late (atrial) and early diastolic 
flow velocities, their arithmetic ratio and the ratio of the 
peak early diastolic velocity to the total diastolic time- 
velocity integral (Oe, the normalized peak filling rate 
according to Bowman et al).'2 The relaxation time was 
measured from the beginning of the second heart sound 
on the phonocardiogram to the point of the peak early 
diastolic velocity; this time covers the period of relaxa- 
tion more completely than the duration of the mere iso- 
metric relaxation.'? The acceleration and deceleration 
of the early flow were determined by fitting straight 
lines to the upslope and the initial downslope, respec- 
tively, of the early velocity wave. All measurements 
were averaged over 5 cardiac cycles. 

Reproducibility: To assess the variation in measur- 
ing the Doppler tracings (intraobserver repeatability), 
the recordings of 10 subjects (6 alcoholics and 4 control 
subjects) were blindly digitized twice by the same inves- 
tigator at an interval of several weeks. In addition, to 
characterize and quantify the variation between exami- 
nations (interstudy repeatability), 5 control subjects un- 
derwent 2 recordings of transmitral flow under identical 
conditions at an interval of 1 hour. The strips were ana- 
lyzed blindly as mentioned. Both intraobserver and in- 
terstudy repeatability were assessed as suggested by 
Bland and Altman,'* by taking square roots of the 
mean square differences between the respective 2 ex- 
aminations. The results are summarized in Table I; they 
compare favorably with the reproducibility data report- 
ed by other investigators.!> 

Control subjects: For a control group, we studied 15 
healthy male volunteers aged 34 to 52 years (mean 40 
+ 5). They were only occasional drinkers and free of 
cardiovascular disease on the basis of history, clinical 
examination and 12-lead electrocardiography. All un- 
derwent the aforementioned 2-dimensional and M- 
mode echocardiographic examination of the left ventri- 
cle and pulsed Doppler study of the transmitral flow. 

Statistical analysis: Student’s nonpaired t test was 
used to compare the cardiovascular measurements be- 
tween alcoholics and healthy subjects. Multiple linear 
regression (BMDP software) was used to assess among 
the alcoholics the dependency of the Doppler measure- 
ments on the details of the drinking history and on sev- 
eral confounding cardiac or noncardiac factors. All tests 
were 2-tailed and p values <0.05 were considered statis- 
tically significant. 


RESULTS 

Description of the alcoholics: The majority of the 32 
alcoholics were episodic drinkers. The overall duration 
of heavy alcohol use ranged from 1 to 24 years (median 


"7 


TABLE II M-Mode Echocardiographic Left Ventricular 
Measurements in Alcoholics and Control Subjects 


Control 
Subjects 
(n=15) 


Alcoholics 


Measurement (n = 30) p Value* 


End-diastolic diameter 25.9405 26.0+0.6 
index (mm /m?) 
Fractional shortening (%) 


Septal thickness (mm) 


31.7+1.0 
115404 107404 
Posterior wall thickness (mm) 11.1 +0.4 9.7 +40.3 
Thickness-to-radius ratio 0.46 +0.02 0.41 +0.02 
Mass index (g/m?) 86+3 77+2 


* Student's ttest. 
Values are mean + standard error. 


29.1 +0.9 





11) and the length of the last uninterrupted drinking 
period from 0.5 to 250 weeks (median 6.5). The amount 
of daily ethanol consumption varied from 90 to 460 g 
(median 297) and the total quantity of recent uninter- 
rupted use from 9 to 3,971 g/kg body weight (median 
196). The length of the smoking history ranged from 0 
to 33 years (median 20) and the number of cigarettes 
consumed daily from 0 to 60 (median 25). Only 1 alco- 
holic was a nonsmoker. 

The 12-lead electrocardiograms revealed a voltage 
sum (SV; + RV;) >3.5 mV in 10 alcoholics (32%) of 
whom 5 were aged >40 years. On chest radiography, 13 
(41%) had a heart volume >500 ml/m? of body area 
but none had any degree of pulmonary venous conges- 
tion. At least 1 of the 3 measured liver enzymes (aspar- 
tate aminotransferase, alanine aminotransferase, gam- 
ma-glutamy]l transpeptidase) was elevated in 17 alcohol- 
ics (53%) and all 3 were elevated in 4 (13%). Serum 
potassium and magnesium were each abnormally low in 
2 subjects (6%). Serum calcium was normal in all. 

Comparisons between alcoholics and healthy sub- 
jects: There were no statistically significant differences 
in heart rate or blood pressure between the alcoholics 
and the healthy subjects: Heart rate was 66 + 2 beats/ 
min in the former group and 65 + 3 beats/min in the 
latter, systolic blood pressure measured 118 + 2 mm 
Hg in alcoholics and 124 + 2 mm Hg in controls, and 
the respective readings for diastolic blood pressure were 
76 + 2 mm Hg and 80 + 2 mm Hg. 

Table II summarizes the M-mode echocardiographic 
measurements and Table III gives the results of the 
Doppler measurements in alcoholics and control sub- 
jects. Compared with healthy subjects, alcoholics had a 
prolonged relaxation time, lower acceleration and peak 
velocity of the early flow, and a higher atrial-to-early 
peak velocity ratio; together, these changes suggest im- 
paired early filling of the left ventricle. Although the 
group differences were quite clear, all the foregoing 
measurements were within the 95% confidence intervals 
of the data obtained in our nonalcoholic subjects in 13 
of the 32 alcoholics. 

Multiple regression analyses of the Doppler data in 
alcoholics: Linear regression models, with each of the 


Y= Doppler measurements considered separately as the de- 


pendent variable, and the duration of chronic heavy 
drinking, quantity of recent ethanol use, age, heart rate, 


TABLE Ill Doppler Indexes of Left Ventricular Diastolic 
Function in Alcoholics and Control Subjects 


Control 
Subjects 
(n = 15) 


Alcoholics 


(n = 32) p Value* 


Relaxation time (ms) 200 + 6 18445 
Peak early diastolic velocity 52+2 60+3 
(cm/s) 


Peak atrial velocity (cm/s) 37+2 36+2 


Atrial-to-early peak velocity 0.74+0.04 0.60+0.05 
ratio 

Acceleration of early flow 
(cm/s?) 

Deceleration of early flow 
(cm/s*) 

Peak filling rate (s71) 


410+ 18 552 + 43 


—342 + 17 —361 + 17 


4.2 + 0.09 4440.12 


Studente ttest. 
Values are mean + standard error. 





number of cigarettes consumed daily and the thickness- 
to-radius ratio considered as independent variables, 
were fitted to the data using the least-squares method. 
Left ventricular mass index was included in the model 
interchangeably with the thickness-to-radius ratio. The 
fit was statistically significant for the peak atrial veloci- 
ty (F = 2.9, p <0.05) and the atrial-to-early peak veloc- 
ity ratio (F = 6.4, p <0.001). In both instances this was 
due to the effects of age and heart rate on the Doppler 
indexes. Neither the duration of heavy drinking, the 
quantity of recent uninterrupted ethanol use, nor any 
other factor besides age and heart rate proved to be sig- 
nificant determinants of the indexes of diastolic function 
among the alcoholics. 


DISCUSSION 

The results of our study indicate that asymptomatic 
chronic alcoholics frequently have subnormal diastolic 
function in addition to increased wall thickness and 
mass of the left ventricle. Subtle filling impairment 
rather than systolic dysfunction may in fact best charac- 
terize the earliest functional abnormality in preclinical 
alcoholic cardiomyopathy. Of the few comparable earli- 
er data, those of Lundin et a" and Silberbauer et al® 
support our findings, whereas Dancy et al’ did not de- 
tect any difference in left ventricular filling by M-mode 
echocardiography between alcoholics and carefully 
matched controls. Doppler and M-mode filling indexes 
are not very closely related. Ip however, because the for- 
mer reflect global filling and the latter describe segmen- 
tal ventricular function only. Of importance, the Dopp- 
ler method has proved sensitive to both acute and 
chronic diastolic impairment and, given certain precon- 
ditions, it also helps to distinguish abnormal relaxation 
from reduced compliance.!7~!? 

Diastolic dysfunction in asymptomatic alcoholics: 
relaxation or compliance abnormality? Diastole can be 
divided into an early energy-demanding period governed 
by myocardial relaxation and into a phase of passive 
filling, which also includes the booster effect of atrial 
contraction. Our data suggest that an impairment of re- 
laxation and active filling is the predominant mecha- 
nism of diastolic dysfunction in preclinical alcoholic car- 
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diomyopathy. The pattern of changes in the Doppler in- 
dexes with reduced aceeleration and peak velocity of the 
early flow, prolonged relaxation time and increased 
late-to-early peak velocity ratio is characteristic of a pri- 
mary relaxation abnormality.'’'!° In theory, low left 
atrial pressure could have caused similar changes but 
there was no indication of hypovolemia in our subjects 
and, if anything, alcoholics tend to have high instead of 
low filling pressures in the left side of the heart 13 Un- 
like us, Thomas et alë concluded that a compliance im- 
pairment is the first functional manifestation of alcohol- 
ic heart muscle disease. Their study was made in dogs, 
however, and the assessment of compliance was based 
only on measuring the increases in left ventricular end- 
diastolic pressure and volume during saline infusion. Al- 
though this technique may detect alterations in overall 
diastolic function, it may not be able to distinguish in- 
complete relaxation from reduced compliance. It is wor- 
thy of emphasis that the changes in Doppler indexes in 
our alcoholic patients should have been just the opposite 
had a reduction in compliance constituted the leading 
diastolic abnormality.!’~!? 

Studies of animals have shown that chronic alcohol 
use impairs the uptake of calcium ions from the sarco- 
plasma into the sarcoplasmic reticulum.?®?! This kind 
of defect inevitably delays the inactivation of the acto- 
myosin interaction and therefore has the potential to re- 
duce the rate of myocardial relaxation. Our findings 
have thus a logical explanation in the altered biochemis- 
try of the alcoholic heart muscle. Furthermore, the in- 
creased wall thickness may diminish the loading of the 
ventricle during late systole and early diastole, which 
also slows the relaxation.” Although low-grade asyn- 
chrony of left ventricular function may in theory also 
have contributed to the filling impairment in our alco- 
holics,2* we have no positive evidence thereof. 

Alcoholic heart muscle abnormalities in relation to 
the duration and quantity of heavy drinking: Although 
diastolic left ventricular function was clearly different in 
alcoholics and healthy subjects, there was no relation 
within the former group between the Doppler indexes 
and either the duration of alcoholism or the quantity of 
the most recent uninterrupted alcohol exposure. Unreli- 
able reporting of drinking history could readily explain 
this finding, but it is worthy of recognition that alcohol- 
ism was a known and “accepted” vice in our study and 
the alcoholics therefore had little reason to keep their 
true drinking habits from the examiner. On the pre- 
sumption that we are dealing with a true phenomenon, 
our data are compatible with a nonlinear relation be- 
tween diastolic function and the quantity of cumulative 
alcohol exposure. There could exist a threshold of con- 
sumption—exceeded by all of our alcoholics—above 
which there was little further progression of diastolic 
abnormalities among asymptomatic patients. In agree- 
ment with this, Thomas et alë detected diastolic dys- 
function after 18 months of daily ethanol exposure in 
dogs, but no progression over the next 34 months of 
identically heavy drinking. The limitations of the Dopp- 
ler method to identify different degrees of heart muscle 
injury must also be considered. It has recently been 
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shown that once the left atrial pressure begins to in- 
crease, a “pseudonormalization” of altered Doppler in- 
dexes may occur.!*:!9 As a corollary, myocardial disease 
of greater severity may be associated with less abnormal 
Doppler indexes if it has advanced into the stage of con- 
gestive heart failure. This fact undoubtedly decreases 
the usefulness of the Doppler indexes in such regression 
analyses as performed in our study. However, none of 
our alcoholics had either symptoms or radiologic signs 
of pulmonary venous congestion. 

There exist very little earlier data about the relation 
of left ventricular diastolic or systolic function to either 
or both the reported duration and quantity of drinking 
among alcoholics. In the study by Silberbauer et al,° no 
association was found between left ventricular diastolic 
function and the duration or magnitude of chronic alco- 
holism. Likewise, Askanas et al” reported that the mass 
and systolic function of the left ventricle were indepen- 
dent of the duration of excessive drinking. In fact, only 
Urbano-Marquez et al?4 have been able to detect a sta- 
tistically significant relation between self-reported alco- 
hol consumption and cardiac abnormalities among alco- 
holics. In their study, both the mass and ejection frac- 
tion of the left ventricle correlated with the estimated 
total lifetime dose of alcohol (r = 0.45 and —0.46, re- 
spectively), but no comparable data on diastolic func- 
tion were reported. 

In conclusion, our study suggests that abnormal left 
ventricular filling is common in asymptomatic alcohol- 
ics and that it results predominantly from impaired re- 
laxation. Diastolic function of the left ventricle may be 
more sensitive to the cardiotoxicity of ethanol than its 
systolic performance. 
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CONGENITAL HEART DISEASE 


Physiologic Peripheral Pulmonic 
Stenosis in Infancy 


Ricardo J. Rodriguez, MD, 


We studied 14 premature infants with the clinical 
diagnosis of peripheral pulmonic stenosis (PPS) and 
15 normal full-term neonates by echocardiographic 
Doppler examinations. The PPS group had an aver- 
age main pulmonary artery (PA) diameter similar to 
the control group (0.91 vs 0.96 cm, difference not 
significant), but had smaller branch PA diameters: 
right PA = 0.41 vs 0.50 cm, p <0.001, and left PA 
= 0.41 vs 0.49 cm, p <0.001. The PPS group also 
had greater peak velocities in the main PA (76 vs 
63 cm/s, p <0.05), right PA (193 vs 118 cm/s, p 
<0.001) and left PA (187 vs 123 cm/s, p <0.001). 
Similarly, the ratio of peak velocity in the branch/ 
main PA was greater for the PPS group: right/main 
PA peak velocity = 2.91 vs 1.92, p <0.01, and 
left/main PA peak velocity = 2.73 vs 1.99, p 
<0.05. The calculated right ventricular output for 
the PPS group was more than the control group: 
437 vs 261 mi/min/kg, p <0.001. Hematocrits 
were not done on the control group, but the PPS 
group had an average hematocrit which was low 
(34%). It is concluded that patients with PPS have 
mild underdevelopment of the PA branches, with 
consequent increased flow velocity and turbulent 
flow. This turbulent flow may be contributed to by 
increased cardiac output and mild anemia. 

(Am J Cardiol 1990;66:1478-1481) 


From the Department of Pediatrics, William Beaumont Hospital, Roy- 


al Oak, Michigan. Manuscript received June 11, 1990; revised manu- 
script received and accepted August 8, 1990. 

Address for reprints: Thomas W. Riggs, MD, Pediatric Cardiology, 
Suite 4700, William Beaumont Hospital, 3601 W. 13 Mile Road, Royal 
Oak, Michigan 48072. 


1478 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 66 


and Thomas W. Riggs, MD 


very common in infants and its incidence has been 

reported to be 67% in premature infants and 5% 
in full-term neonates.! This variety of functional mur- 
mur is distinctive in that the murmur radiates widely 
from the precordium to the axillas and the back and 
typically disappears by 3 to 6 months of age. Although 
the clinical course is benign, the murmur may be loud 
enough to raise the suspicion of congenital heart dis- 
ease. Although this is a common precordial murmur of 
infancy, there is little reported information on this topic. 
We used echocardiography to examine 14 patients with 
PPS and compared them with 15 normal controls. This 
report compares and contrasts the findings in normal 
infants with those of the patients with PPS. 


[even peripheral pulmonic stenosis (PPS) is 


METHODS 

Patients: The patient group consisted of 14 infants 
with the clinical diagnosis of PPS. Each patient had a 
grade 2 or 3 systolic ejection murmur over the mid- and 
upper left sternal border which radiated widely over the 
chest. Most of the patients were former premature in- 
fants (mean gestational age 28 + 3 weeks) who were 
examined at a mean postnatal age of 33 days. All pa- 
tients had a complete echocardiographic examination 
that demonstrated normal cardiac structures, although 
each of the patients had a patent foramen ovale. He- 
matocrits were available from 13 of 14 PPS patients at 
or within days of their echocardiographic examination. 

The normal control group consisted of 15 full-term 
neonates who were free of congenital heart disease. The 
patients were all older than 48 hours at the time of their 
examination; none had a patent ductus arteriosus and 
each had a patent foramen ovale. Each had normal re- 
sults on clinical cardiac examination. All of the control 
group patients were studied after written parental con- 
sent; the study had the approval of the hospital human 
investigation committee. 

Echocardiographic examination: Complete 2-di- 
mensional, Doppler and color Doppler echocardiograph- 
ic examinations were performed on each patient using a 
Hewlett-Packard ultrasonoscope with a 5.0-MHz trans- 
ducer. The examinations were recorded using standard 
VHS format and thermal printing paper at a speed of 
100 mm/s. Each patient underwent range-gated Dopp- 
ler examination of the main pulmonary artery (PA) and 
its branches. From a standard parasternal short-axis 


view, the Doppler cursor was placed in the main PA at ~ 


an angle as nearly parallel as possible to blood flow to 
record the maximal velocity in the vessel. The branch 





bs 


PAs were also examined by Doppler interrogation with 
the sample volume placed in the proximal right and left 
PAs. Frequently, an angle correction factor was neces- 
sary for the right PA, because the velocity was not par- 
allel to the Doppler signal. No correction factor was 
usually needed for the left PA. 

The diameters of the main and branch PAs were 
each measured directly from the VHS image with all 
measurements in end systole (at the end of the T wave 
of the electrocardiogram). With the aid of a computer- 
interfaced digitizer tablet the following parameters were 
measured: maximal peak velocities in the main, right 
and left PAs; velocity-time-integral (Doppler area) in 
the main, right and left PAs and the RR interval. 

From these measurements the following ratios were 
computed: right/main PA peak velocity ratio, left/main 
PA peak velocity ratio, right/main PA area ratio, left/ 
main PA area ratio and heart rates. We also estimated 
right ventricular cardiac output using the relation cardi- 
ac output = heart rate X main PA Doppler area X 
(main PA diameter) squared X 0.7854. 

Data analysis: All values are reported as mean + 1 
standard deviation and each patient’s values were the 
average of 3 measurements. An unpaired f test was used 
for statistical analysis and p <0.05 indicated a signifi- 
cant difference between groups. 


RESULTS 

Clinical profile (control group): The results are listed 
in Table I (Figure 1). The mean weight was 3.54 kg. 
The mean main PA diameter was 0.96 cm, whereas the 
right PA was 0.50 cm and the left PA was 0.49 cm. The 
mean ratio of right/main PA diameter was 0.53, where- 
as the mean left/main PA diameter ratio was 0.52. The 
mean peak velocities in the PA were: main = 63 cm/s, 
right = 118 cm/s and left = 123 cm/s. The average 
ratio of peak velocities was 1.92 for the right/main PA, 


TABLE I Comparison of Normal Neonates and Patients with 
Peripheral Pulmonic Stenosis (PPS) 


Heart rate 

MPA diameter (cm) 
RPA diameter (cm) 
LPA diameter (cm) 
MPA peak velocity 
RPA peak velocity 
LPA peak velocity 
MPA Doppler area 
RPA Doppler area 
LPA Doppler area 
Cardiac output /kg 
RPA/MPA diameter 
LPA/MPA diameter 
RPA/MPA peak 
LPA/MPA peak 
Weight 

Hematocrit 


Normals 
(n= 15) 


121 (10) 
0.96 (0.12) 
0.50 (0.06) 
0.49 (0.05) 
63 (9.3) 
118 (27) 
123 (18) 
10(1) 
18 (4) 
18 (3) 

261 (67) 
0.53 (0.06) 
0.52 (0.09) 
1.92 (0.50) 
1.99 (0.37) 
3.54 (0.34) 

NA 


PPS 
(n= 14) 


154 (25) 
0.91 (0.09) 
0.41 (0.04) 
0.41 (0.04) 
76 (17) 
193 (38) 
187 (43) 
12(2) 
30 (6) 
28 (6) 

437 (150) 
0.46 (0.04) 
0.45 (0.03) 
2.91 (1.12) 
2.73 (1.24) 
2.74(0.57) 

34.2 (6.9) 


Area = velocity time integral of doppler flow; cardiac output /kg = calculated stroke 
volume X heart rate divided by weight in kg; LPA = left pulmonary artery; MPA = 
main pulmonary artery; NA = not available; peak = maximal velocity in cm/s; RPA = 
right pulmonary artery. 





whereas the corresponding ratio was 1.99 for the left/ 
main PA. The estimated mean right ventricular cardiac 
output was 261 ml/min/kg. Because these were asymp- 
tomatic full-term neonates, hematocrits were not ob- 
tained. 

Clinical profile (peripheral pulmonic stenosis 
group): The results are listed in Table I (Figure 2). The 
mean weight was 2.74 kg. The mean main PA diameter 
was 0.91 cm, whereas the right PA was 0.41 cm and the 
left PA was 0.41 cm. The mean ratio of right/main PA 
diameter was 0.46, whereas the mean left/main PA di- 





FIGURE 1. This Doppler echocardiogram represents a range- 
gated study of a normal neonate in whom the sample volume 
was moved from the left pulmonary artery (LPA) to the main 
pulmonary artery (MPA). The respective peak velocities were 
120 and 80 cm/s. The recording was made at 100 mm/s, and 
100 cm/s calibration is shown. 


FIGURE 2. The Doppler echocardiogram represents a com- 
posite of 2 range-gated studies of an infant with peripheral 
main pulmonary artery (MPA). The respective peak velocities 
were 245 and 62 cm/s. The recording was made at 100 mm/ 
s, and 100 and 200 cm/s calibration is shown. (Note the dif- 
ferent velocity scales.) LPA = left pulmonary artery. 
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FIGURE 3. The 2-dimensional color echocardiogram was re- 
corded from a normal neonate during late ventricular systole 
and displays a uniform flow velocity in both the main (M) and 
branch right and left (R and L) pulmonary arteries. 


ameter ratio was 0.45. The mean peak velocities in the 
PA were: main = 76 cm/s, right = 193 cm/s and left = 
187 cm/s. The average ratio of peak velocities was 2.91 
for the right/main PA, whereas the corresponding ratio 
was 2.73 for the left/main PA. The estimated mean 
right ventricular cardiac output was 437 ml/kg/min. 
Hematocrits were available from 13 of 14 patients 
(mean 34%). 

Comparison of control group with peripheral pul- 
monic stenosis group (Table I, Figures 3 and 4): The 
average weight for the control group was significantly 
greater for the PPS group (3.54 vs 2.74 kg, p <0.001). 
However, the main PA diameters were not significantly 
different (0.96 vs 0.91 cm, p = 0.21). The mean diame- 


g GRANCHAMAIN VELOCITY INTEGRAL 


FIGURE 4. The 2-dimensional color echocardiogram was re- 
corded from an infant with peripheral pulmonic stenosis dur- 
ing late ventricular systole and displays a low velocity uniform 
flow pattern in the main (M) pulmonary artery and aliasing in 
the branch right and left (R and L) pulmonary arteries. Note 
also the small caliber of the branch pulmonary arteries com- 
pared with the main pulmonary artery. (Arrowheads highlight 
the origin of the pulmonary artery branches.) 


ters of both the right (0.50 vs 0.41 cm, p <0.001) and 
the left (0.49 vs 0.41 cm, p <0.001) PA were signifi- 
cantly less for the PPS group than for the control group. 
The peak velocities in the PA were significantly higher 
for the PPS group than for the control group, especially 
in the branch PA: main PA 63 vs 76 cm/s, p <0.05; left 
PA 123 vs 187 cm/s, p <0.001; and right PA 118 vs 
193 cm/s, p <0.001. 

Expressed as ratios, the branch PA versus main PA 
diameters were slightly, but significantly, less for the 
PPS group than for the control group: left/main diame- 
ter ratio, 0.52 vs 0.46, p <0.01; and right/main diame- 


pulmonary artery diameter (expressed as a 
ratio) and the ratio of branch/main pulmonary 
artery peak velocities. The predicted values 
assume: (1) equal pulmonary artery branch 
diameters, and (2) equal distribution of flow 





FIGURE 5. Relation between the branch/main 


into each branch pulmonary artery. This mod- 
el is nonlinear and predicts a large increase in 
branch pulmonary artery peak velocity when 
the branch pulmonary artery diameter is re- 
duced <50% of the main pulmonary artery 
diameter. “Actual” values represent the 

mean values for the normal neonates and the 
patients with peripheral pulmonic stenosis, 
respectively. em d 
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ter ratio, 0.52 vs 0.45, p <0.05. The ratio of peak veloci- 
ties in the branch versus the main PA was also signifi- 
cantly higher for the PPS group than for the control 
group: left/main peak velocity ratio, 1.99 vs 2.73, p 
<0.05; and right/main peak velocity ratio, 1.92 vs 2.91, 
p <0.01. The estimated right ventricular cardiac out- 
puts were significantly higher for the PPS group than 
for the control group (437 vs 261 ml/kg/min). 


DISCUSSION 

Transient PPS is a common precordial murmur of 
infancy and it is particularly frequent in premature in- 
fants. In the fetus, most of the right ventricular output 
passes through the patent ductus arteriosus to the de- 
scending aorta and only about 10% of the combined 
ventricular output passes into the branch PAs.’ We sug- 
gest that this murmur results from turbulent flow at the 
point of sudden tapering of the branch PAs compared 
with the main PA and coincident increased velocity in 
the branch PAs. Perhaps contributing to this turbulent 
flow is the frequent mild “physiologic anemia” of the 
premature infant. To a lesser extent, the same phenom- 
enon is observed in full-term normal neonates, but the 
tapering is less abrupt, the increase in PA velocity is less 
marked, the hemoglobin concentration is greater and 
the flow remains nonturbulent. 

Cardiac catheterization data from neonates with 
PPS demonstrate a pressure gradient from the main to 
the branch PAs, consistent with obstruction at the ori- 
gin of the branch PAs.* This pressure gradient may 
have been accentuated in the PPS group because of 
their lower hematocrits, higher right ventricular output 
and decreased pulmonary vascular resistance compared 
with those of the full-term control group. Although we 
excluded congenital heart disease (and a patent ductus 
arteriosus) by echocardiography in our PPS patients 
and in the control group, we cannot exclude the contri- 
bution of a left-to-right shunt through a patent foramen 
ovale to increased pulmonary blood flow. However, a 
patent foramen ovale was universal in both the PPS and 
control groups and no patient had findings of right atri- 
al or right ventricular volume overload. 

The concept of the Reynold’s number, which is a 
ratio of inertial to viscous forces, is useful in character- 
izing flow in arteries.” This number is calculated as Re 
= V-D-p/(n), where V = average velocity /cross-section- 
al area, D = diameter, p = density and n = viscosity. 
When the PPS group was compared with the normal 
controls, the former had a greater flow velocity and pre- 
sumably a lower viscosity; thus, we speculate that the 
Bac? number would be higher, implying turbulent 
flow.67 

We also speculate (Figure 5) on the relation between 
the branch/main PA diameter and the ratio of branch/ 
main PA velocity time integrals (“Doppler area” in Ta- 
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ble I). Assuming that the PA branch diameters are 
equal and that there is equal distribution of flow into 
each branch, the continuity equation (conservation of 
mass) states that the product of the velocity time inte- 
gral and the cross-sectional area of the main PA must 
equal the sum of the respective products in the branch 
PAs.° This model is nonlinear and predicts a large in- 
crease in branch PA peak velocity when the branch PA 
diameter is reduced <50% of the main PA diameter. 

Our control group of normal neonates was full-term, 
since premature infants at the postnatal age and weight 
of the PPS patients very frequently had a PPS murmur. 
In fact, it was difficult to find a group of premature 
infants of this postnatal age and weight who did not 
have a murmur of PPS. 

The PPS study group and the normal controls were 
different in several respects. Although the main PA di- 
ameters were essentially the same for the 2 groups, the 
branch PA diameters and the ratio of branch/main PA 
diameters were each significantly less for the PPS 
group, implying underdevelopment of the PA branches. 
The smaller PA branch development resulted in higher 
peak velocities in the branch PAs and a greater ratio of 
branch/main PA peak velocity. We hypothesize that 
this greater velocity results in turbulent flow, generating 
the characteristic murmur of PPS. 

Aliasing of the color Doppler image of the PA 
branches may be confused with retrograde flow seen in 
the PA of an infant with a patent ductus arteriosus 
(Figure 4). The PPS color Doppler findings can be dif- 
ferentiated from those of a patent ductus arteriosus by 
the timing and the location of the aliased signal. The 
PPS patients would show an aliased signal during systo- 
le at the point of branching of the PAs, whereas the 
patient with a left-to-right shunt through a patent duc- 
tus arteriosus would demonstrate continuous retrograde 
flow from the patent ductus arteriosus into the main 
PA. 
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Coronary Arteries in Truncus Arteriosus 


Maria V. de la Cruz, MD, Raul Cayre, MD, Paolo Angelini, MD, 
Nicholas Noriega-Ramos, MD, and Stanislaw Sadowinski, MD 


The origin and distribution of the coronary arteries 


was described in 39 autopsy specimens of truncus 
arteriosus (TA). The specimens were classified ac- 
cording to the number and the patterns of the trun- 
cal cusps. The position of the truncal cusps was de- 
fined in relation to intracardiac structures, namely, 
the atrioventricular orifices. Bicuspid truncal valves 
were observed in 8 cases (21%), tricuspid in 22 
cases (56%) and quadricuspid in 9 cases (23%). 
All tricuspid valves had 2 anterior and 1 posterior 
cusp. Great variability in the origin of the coronary 
arteries was observed, with a tendency for the 
right coronary artery to arise from the anterior 
right quadrant and for the left coronary artery to 
arise from the anterior and left quadrant. Such a 
tendency was observed in 50% of the bicuspid, in 
59% of the tricuspid and in 66% of the quadricus- 
pid valves. The anatomic right ventricle was always 
observed to be vascularized by a right coronary ar- 
tery, and the anatomic left ventircle by a left coro- 
nary artery, even in cases in which there was a sin- 
gle coronary trunk. The anterior surface of the 
right ventricle was crossed by a right coronary ar- 
tery in 5 cases. A single coronary artery was ob- 
served in 7 cases (18%). Embryologic consider- 
ations are offered, especially regarding the relation 
between the observed variability in coronary artery 
patterns in TA and the absence of the truncal sep- 
tation. 

(Am J Cardiol 1990;66:1482-1486) 
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cular malformation in which a single arterial 

trunk arises from the base of the heart by way of 
a single semilunar (truncal) valve.'-3 This trunk gives 
origin to the coronary arteries and supplies directly the 
systemie and pulmonary circulations.!:245 Beneath the 
truncal valve, there is a ventricular septal defect that 
lends to the existence of a single fibromuscular outlet 
(common outlet). 

Reports on TA are extensive and refer to some as- 
pects of the coronary anatomy,'-* but only 2 systemat- 
ically studied the coronary arteries in relation to their 
origin and distribution.” A relevant discussion that re- 
mains apen in the embryogenesis of the coronary arter- 
ies is the relation between coronary ostia and truncal 
septation.'° Current surgical techniques for the correc- 
tion of TA require not only the knowledge of the origin 
of the coronary arteries, but also of their topographic 
distribution.° The present report uses these 2 parame- 
ters to describe the patterns of the coronary arterial cir- 
culation in this congenital heart defect. 


[ate arteriosus (TA) is a congenital cardiovas- 


METHODS 

We studied the coronary arteries in 39 autopsy spec- 
imens with TA: 28 belonged to the Service of Patholog- 
ic Anatomy of the Hospital de Cardiologia of the Na- 
tional Medical Center of the Mexican Institute of So- 
cial Security, and 11 to the Service of Pathologic 
Anatomy of the Hospital Infantil de Mexico “Federico 
Gomez.” 

We classified the truncal cusps by using 2 parame- 
ters, the number and the spatial position. We subdivided 
the specimen according to the number of cusps (bicus- 
pid, tricuspid and quadricuspid). We defined the posi- 
tion of each cusp in relation to the atrioventricular ori- 
fices in the coronal plane. We called cusps adjacent to 
these orifices, posterior, and those not contiguous to 
these orifices, anterior. The axis in the coronal plane, 
orthogonal to the line that joins the geometric centers of 
each atrioventricular valve, was called anteroposterior. 
Looking at the frontal aspect, we called right and left 
what is to the right or left of the anteroposterior axis. 
Right-left and anteroposterior classifications are not 
then necessarily identical to the reference axis of the 
whole body, according to these definitions. 

The coronary arteries were dissected and a detailed 
description of the origin and course of the trunks and 
main coronary branches obtained. We identified the 
right and left coronary arteries according to their areas 
of vascularization.'? The vascularization area of the 
right coronary artery is the anatomic right ventricle, 


Le 


and the area of the left coronary artery is the anatomic 
left ventricle. 


RESULTS 

All 39 specimens featured situs solitus of the atria 
and atrioventricular concordance. The coronary findings 
were described according to the 3 main truncal valve 
patterns: bicuspid, tricuspid and quadricuspid. 

BICUSPID TRUNCAL VALVES: These were 8 cases (21% 
of 39). The position of the cusps were found to be either 
in a right-left or in an anteroposterior pattern (Fig- 
ure 1). 

A right and a left cusp: There were 5 cases (63%). 
Both cusps were adjacent to the atrioventricular orifices 
(Figure 1, A and B). In 4 cases the right coronary ar- 
tery arose from the right cusp, in proximity to the ante- 
rior commissure, and the left coronary artery arose 
from the middle portion of the left cusp (Figure 1A). In 
another case, the right coronary artery arose on top of 
the posterior commissure and the left coronary artery 
arose in the midsegment of the left cusp (Figure 1B). 

One anterior and one posterior cusp: There were 3 
cases (38%). In 1 case, the left coronary artery arose 
from the middle portion of the posterior cusp and the 
right coronary artery originated in the middle portion of 
the anterior cusp (Figure 1C). In another case, both 
coronary arteries arose juxtaposed against the middle 
portion of the posterior cusp (Figure 1D). In the last 
case, a single coronary trunk arose from the posterior 
cusp and then split into right and left coronary arteries 
(Figure 1E). 

TRICUSPID TRUNCAL VALVE: There were 22 cases (56% 
of 39). All of these featured a posterior cusp, adjacent 
to the atrioventricular orifices, and 2 anterior cusps, the 
right and the left (Figure 2). In 13 of these cases (59%), 
the right coronary artery arose from the anterior and 
right cusp, close to the anterior commissure, whereas 
the left coronary originated from the anterior left cusp, 
in proximity of the anterior commissure, and then sub- 
divided normally (Figure 2A). Less frequent patterns 
are illustrated in Figures 2B to 2H. 

QUADRICUSPID TRUNCAL VALVE: There were 9 cases 
(23% of 39). Two coronary cusp patterns were observed: 


FIGURE 1. Diagrammatic representation 
of the origin and distribution of the coro- 
nary arteries in truncus anteriosus with bi- 
cuspid valve. A, B, right and left cusps; C, 


or; RCA = right coronary artery; RT = 
right; SCA = single coronary artery; T = 
tricuspid. 


the posterior, anterior, right and left, and the 2 posterior 
(right and left) and 2 anterior (right-left), as shown in 
Figure 3. 

Posteroanterior right and left cusps: There were 8 
cases (89% of 9). In 6, the right coronary artery arose 
from the right cusp, close to the anterior right commis- 
sure, and the left coronary arose from the midportion of 
the left cusp and then subdivided normally (Figure 3A). 
In 1 case, a single coronary trunk arose from the mid- 
portion of the posterior cusp and then subdivided into a 
right coronary artery and into a left coronary artery 
(Figure 3B). In another case, a single coronary trunk 
arose from the midportion of the anterior cusp and then 
subdivided into 3 branches: anterior descending, right 
coronary, which crossed the upper anterior surface of 
the right ventricle, and circumflex arteries (Figure 3C). 

Two posterior right and left, and two anterior right 
and left cusps: There was 1 case (11% of 9). The right 
coronary artery arose from the midportion of the anteri- 
or right cusp, and the left coronary artery arose from 
the midportion of the posterior left cusp and then sub- 
divided into the circumflex and anterior descending 
branches (Figure 3D). 


DISCUSSION 

Anatomic findings: The incidence of bi-, tri- and 
quadricuspid valves was 21, 56 and 23%, respectively, in 
our series of 39 autopsy specimens of TA. This finding 
is similar to those previously reported.'~? Unfortunately, 
our anatomic description of the truncal cusps cannot be 
reliably compared with any published report, because 
previous investigators addressed the subject without 
strict anatomic references. We believe that, in the study 
of complex congenital heart diseases, intracardiac struc- 
tures cannot be consistently described in reference to 
the axis of the whole body. Because of the possibility of 
anomalies in the position of the apex inside the thorax 
(dextroversions, mesocardias, crisscrossed hearts, and so 
forth), cardiac descriptions should make reference to 
the main intracardiac structures. We elected to define 
the truncal cusps in terms of their relations to the atrio- 
ventricular orifices, as explained. It is important to rec- 
ognize that this methodologic adjustment has resulted 
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in the recognition of different cusp patterns within each 


class (bi-, tri-, quadricuspid) heretofore overlooked in 


previous reports. We observed 5 different patterns of 


the truncal cusps in TA and could not recognize a pre- 
dominant coronary origin in these cardiac defects, as 
expected in normal hearts. In our series of 39 cases, 
we found 17 different coronary patterns (Figures 1, 2 
and 3, A and B), with an increased incidence of a sin- 
gle coronary artery (18%), as compared with normal 
hearts. Such variability in the anatomy of the proximal 
coronary trunks contrasts with the essentially consistent 


13 cases 1 case 


2 cases 


1case 
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peripheral coronary branching pattern (the right, the 
left anterior descending and circumflex arteries). Figure 
4 shows the sites of the coronary ostia (right, left and 
single) observed in our series, in reference to the cir- 
cumference of the truncal valve, independent from the 
truncal cusps configuration. The widespread distribu- 
tion of the coronary ostia recognized only a tendency for 
the left coronary artery to arise from the anterior and 
left section of the truncal anulus, whereas the right cor- 
onary artery generally originates from the anterior and 
right section. Still, a significant percentage of the ori- 


FIGURE 2. Diagrammatic representation 
of the origin and distribution of the coro- 
nary arteries in truncus arteriosus with 

tricuspid valve, with 2 anterior and 1 pos- 
terior cusp. Abbreviations as in Figure 1. 
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fies (11 of 60, 18%) are situated in the posterior quar- 
‘sr of the truncal anulus, a definite difference from the 
asual patterns in a normal aorta. This finding could be 
interpreted as a demonstration of the absence of an 
equivalent to what in the normal heart is the “noncoro- 
nary” cusp in hearts with TA.!° 

In cases of a single coronary artery, its origin can be 
quite variable, with a tendency to originate from the 


FIGURE 3. Diagrammatic representation 
of the origin and distribution of the coro- 
nary arteries in truncus arteriosus with 

id valve. A, B, C, posteroante- 
rior right and left cusps. D, 2 posterior 
and 2 anterior cusps (right and left). Ab- 
breviations as in Figure 1. 


6 cases 


1 case 


FIGURE 4. Diagrammatic representation 
of the origin of the coronary arteries in 
our series of 39 cases. The truncal wall is 
subdivided into 4 conventional quadrants. 
Abbreviations as in Figure 1. 
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posterior quadrant (Figure 4). A single coronary artery 
was found at a similar incidence (4 to 18%) by various 
investigators, as shown in Table I. Similar variability of 
coronary origination has been reported.!3°-7” 

The course of the main coronary arteries in TA 
seems to follow the atrioventricular and interventricular 
grooves,’ as in the normal heart with a single excep- 
tion: the anterior upper surface of the right ventricle 


O Right Coronary Artery 
@ Left Coronary Artery 
A Single Coronary Artery 
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Autopsy Coronary 
Year of Specimens Arteries 
Investigators Publication (no.) (no., %) 





Bharati et al” 












Calder et alf 1976 100 4 (4) 

Shrivastava 1977 30 4(13) 
and Edwards? 

Crupi et al! 1977 66 8 (12) 

Anderson et al® 1986 31 4(13) 

Butto et al? 1986 53 10(19) 

De la Cruz MV* 1990 39 7 (18) 





* Results of present study. 


was found to be crossed by a major coronary artery in 5 
of our 39 cases (13%). This is of special relevance to the 
surgical repair of TA, which involves an anterior right 
ventriculotomy (Figures 1C, 2C, 2G, 2H and 3C). Se- 
lective coronary angiography may play an important 
part in the preoperative evaluation of these cases. In no 
instance did we find an intramyocardial course of a ma- 
jor coronary artery or branch. 

From a morphogenetic viewpoint, the major interest 
of our observations relates to the consequences of the 
absence of an aortopulmonary septum, in the determi- 
nation of the coronary arterial patterns.!!-!4 The distal 
coronary anatomy does not seem to be altered in this, as 
in other defects of the truncoconal septation.'? The left 
anterior descending, circumflex and right coronary 
arteries follow normal pathways and patterns, whereas 
the proximal coronary anatomy is profoundly upset in 
TA, with an observed wide spectrum of coronary ostia 
locations and quite an increased incidence of a single 
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coronary artery. The coronary ostia are consistently lo- 
cated at the truncal sinuses, whereas the absence of aor- 
topulmonary septation would seem to result in a sub- 
stantial disturbance in the determination of coronary os- 
tial number and location. 
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MISCELLANEOUS 


Spectrum of Hemodynamic Changes in 
Cardiac Tamponade 


P. Sudhakar Reddy, MD, Edward I. Curtiss, MD, and Barry F. Uretsky, MD 


To investigate the pathophysiology of cardiac tam- 
ponade, the hemodynamics of 77 consecutive pa- 
tients with >150 ml of pericardial effusion were 
studied. Patients were classified into 3 groups 
based on the equilibration of intrapericardial with 
right atrial and pulmonary arterial wedge pressures 
(mm Hg): group I (n = 16), intrapericardial pres- 
sure was less than right atrial and pulmonary arte- 
rial wedge pressures; group Il (n = 13), intraperi- 
cardial pressure was equilibrated with right atrial 
but not pulmonary arterial wedge pressures; group 
lll (n = 48), intrapericardial pressure was equili- 
brated with right atrial and pulmonary arterial 
wedge pressures. Pericardiocentesis produced the 
following changes: group I—-significant (p <0.03) 
decreases in intrapericardial pressure (7 + 2 mm 
Hg), right atrial pressure (3 + 2 mm Hg), pulmo- 
nary arterial wedge pressure (2 + 2 mm Hg), and 
the inspiratory decrease in arterial systolic pres- 
sure (3 + 4 mm Hg) but no significant change in 
cardiac output; group Il—-significant (p <0.02) de- 
creases in intrapericardial pressure (11 + 5 mm 
Hg), right atrial pressure (6 + 4 mm Hg), pulmo- 
nary arterial wedge pressure (4 + 5 mm Hg), and 
inspiratory decrease in arterial systolic pressure (8 
+ 7mm Hg), and increase in cardiac output (1.1 + 
1.2 liters/min); group Ill—significant (p <0.001) 
decreases in intrapericardial pressure (16 + 7 mm 
Hg), right atrial pressure (9 + 4 mm Hg), pulmo- 
nary arterial wedge pressure (8 + 5 mm Hg), inspi- 
ratory decrease in arterial systolic pressure (17 + 
11 mm Hg), and increase in cardiac output (2.8 + 
1.5 liters/min). The changes after pericardiocente- 
sis in all parameters were significantly (p <0.05) 
greater in group Ill than in groups I or Il except for 
the change in right atrial pressure, which was not 
significantly different in groups Il versus Ill. The 
changes after pericardiocentesis indicate pericardi- 
al effusion caused the greatest abnormalities in 
group Ill but also caused significant abnormalities 
of pressure and flow in group Il and of pressure 
alone in group |. Because hemodynamic alterations 
were noted in all groups, increasing in severity 
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from groups Í to Ill, it is concluded that cardiac 
tamponade is not an “‘all-or-none’”’ phenomenon, 
and the severity of hemodynamic derangement 
rather than its presence or absence should be as- 
sessed in patients with pericardial effusion. 

(Am J Cardiol 1990;66:1487-1491) 


with pericardial effusion, we had suggested that 

cardiac tamponade is an “all or none” phenome- 
non.! Our hypothesis was formulated as follows (Figure 
1, left): With increasing fluid accumulation in the peri- 
cardial space, pericardial pressure increases progressive- 
ly to equilibrate with right ventricular filling pressure. 
Up to this point, there are no changes in cardiac pres- 
sures or output (phase I). As further amounts of fluid 
enter the space, pericardial and right ventricular filling 
pressures increase together to equilibrate eventually 
with left ventricular filling pressure, which in most pa- 
tients is greater than right ventricular filling pressure. 
Between these 2 ventricular filling pressure equilibra- 
tion points, the pericardial effusion produces an eleva- 
tion of right ventricular filling pressure and depression 
of cardiac output but no pulsus paradoxus. This phase 
was described as right heart tamponade (phase II). As 
more fluid accumulates, the 3 equilibrated pressures in- 
crease further, the magnitude of cardiac output depres- 
sion increases and pulsus paradoxus appears (phase 
III). Experience with a larger group of patients, particu- 
larly with minimal hemodynamic changes, has taught 
us that the hemodynamic changes occur at the onset of 
pericardial effusion and worsen progressively as accu- 
mulation increases. In light of these new observations, 
the original concept has been revised and the supportive 
data are presented in this report. 


Be on hemodynamic observations in 18 patients 


METHODS 

The patient population represents a consecutive se- 
ries of patients undergoing diagnostic or therapeutic 
pericardiocentesis, or both, at Presbyterian-University 
Hospital from 1973 to 1987. Inclusion in this series re- 
quired the patient to have had 2150 ml of pericardial 
fluid aspirated and a complete hemodynamic study both 
before and after pericardiocentesis. A complete hemo- 
dynamic study was defined as measurement of right 
atrial, pulmonary arterial wedge and intrapericar- 
dial pressures and cardiac output. Right atrial and 
pulmonary arterial wedge pressures were recorded se- 
quentially. 
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Of 101 consecutive procedures with complete hemo- 
dynamic studies, 24 were excluded for the following 
reasons: effusive-constrictive pericarditis in 2, incom- 
plete aspiration of fluid in 4, instability during catheter- 
ization as a result of volume replacement or loss in 4, 
effusion volume of <150 ml in 5, inability to recover the 
original hemodynamic data in 5 and technical problems 
in 4. One patient underwent 2 procedures. The data re- 
ported therefore consists of 77 procedures in 76 pa- 
tients. The 76 patients consisted of 39 men and 37 wom- 
en (average age mean + standard deviation 49 + 17 
years). The etiology of pericardial effusion was neoplas- 
tic in 23, uremic in 19, unknown in 13, postoperative in 
8, infectious in 4, excessive anticoagulation in 3, connec- 
tive tissues disease in 3, Dressler’s syndrome in 2, and 
radiation in 1. Sinus rhythm was present in 73 patients 
and atrial dysrhythmias with irregular ventricular cycle 
lengths in 3 patients. Pressure measurements, pericar- 
diocentesis and the determination of the inspiratory de- 
crease in systolic pressure were performed as previously 
described.’ Cardiac output determinations were per- 
formed in triplicate by the thermodilution method in 58 
patients and in duplicate using indocyanine green as the 
indicator in the remaining patients. Intraarterial pres- 
sure recordings were obtained in 69 of the 74 patients in 
sinus rhythm. Pulsus paradoxus was defined as an inspi- 
ratory decline of arterial systolic pressure >12 mm Hg 
during a regular rhythm.” Percentage pulsus paradoxus 
was defined as >9% inspiratory decline of expiratory 
arterial systolic pressure.'? Equilibration of mean right 
atrial and intrapericardial pressure was defined as a dif- 
ference <1 mm Hg; equilibration of mean right atrial 
and pulmonary arterial wedge pressures was defined as 
a difference <2 mm Hg. The percentage change in car- 
diac output after pericardiocentesis was calculated as 
(cardiac output after pericardiocentesis—before/be- 
fore) X 100. Based on repeated determinations of base- 
line cardiac outputs in our laboratory, a significant in- 
crease in output was considered to be >20%.? Patients 
were divided into 3 groups based on hemodynamic find- 


ings before pericardiocentesis: group I = lack of equili- 
bration between right atrial and pericardial pressures; 
group II = equilibration of right atrial and pericardial 
pressures but not pulmonary arterial wedge pressure; 
group IH = equilibration of all 3 pressures. 

Intragroup differences were assessed by Student’s f 
test using paired data. One-way analysis of variance 
was used to determine the presence of mean differences 
among the 3 groups; if present, the differences between 
individual means was assessed by Scheffe’s procedure at 
a significance level of 0.05. 


RESULTS 

There were 16 patients who met the hemodynamic 
criteria for group I (i.e., right atrial pressure was higher 
than pericardial pressure by >2 mm Hg [Table I, Fig- 
ure 2]). In this group, the pericardial aspirate volume 
ranged from 270 to 1,860 ml (median value 408). Be- 
fore pericardiocentesis, mean right atrial pressure ex- 
ceeded pericardial pressure by an average of 3 + 2 mm 
Hg and was less than pulmonary arterial wedge pres- 
sure by 4 + 3 mm Hg. After aspiration, mean right 
atrial pressure decreased significantly from 10 + 6 to 7 
+ 6 mm Hg, and mean pulmonary arterial wedge pres- 
sure decreased significantly from 13 + 7 to 12 +7 mm 
Hg. There was a slight but nonsignificant increase in 
cardiac output, from 5.8 to 6.0 liters/min. The inspira- 
tory decline in arterial systolic pressure could be evalu- 
ated in 13 patients. The average decline decreased sig- 
nificantly from 12 + 6 to 9 + 6 mm Hg after the proce- 
dure, Pulsus paradoxus was present in 4 patients. It was 
abolished by pericardiocentesis in 2 patients (15 to 7 
and 17 to 5 mm Hg) and persisted in the other 2 (28 to 
22 and 19 to 19 mm Hg). Percentage pulsus paradoxus 
was present in 2 (10%, 22%) and persisted in 1 (16%) 
after the tap. In the 13 patients in group II (Table I), 
the pericardial aspirate volume ranged from 200 to 
1,400 mi (median value 750). By definition, right atrial 
and pericardial pressures were equilibrated; pulmonary 
arterial wedge pressure was higher by 5 + 2 mm Hg. 


Pathophysiology of Cardiac Tamponade 


Original Concept 
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FIGURE 1. Schematic representation of 
hemodynamic changes including pericardi- 
al (Peri), right ventricular (RV), left ven- 
tricular (LV) and inspiratory decrease in 
arterial systolic pressures (IFASP) and 
cardiac output (CO), with increasing peri- 
cardial effusion in any given patient de- 
picted by the increasing height of the tri- 
angle from left to right. Stippled vertical 
area indicates phase Il. Left panel repre- 
sents the original concept, and right panel 
represents the revised concept (see text 
for explanation). 


Revised Concept 


Post Diff Post 


Group | 


Group II 


Group Ill 48 


*n=13;n=11;tn=45. 


CO 
(liters /min) 


Diff Pre Post Diff Post Diff Post Diff 


CO = cardiac output; Diff = difference; IFASP = inspiratory decrease in arterial systolic pressure between pre- and postreading; IPP = mean intrapericardial pressure; PAWP = 
mean pulmonary arterial wedge pressure; Post = after pericardiocentesis; Pre = before pericardiocentesis; RAP = mean right atrial pressure; SD = standard deviation. 


Pericardiocentesis resulted in significant decreases in 
right atrial pressure (10 + 5 to 3 + 3 mm Hg) and left 
ventricular filling pressure (15 + 4 to 11 + 8 mm Hg). 
In group II, unlike group I, cardiac output increased 
significantly from 5.2 to 6.3 liters/min (Table I). Atrial 
dysrhythmias were present in 2 of the 13 patients. The 
inspiratory decrease in arterial systolic pressure could 
be evaluated in 11. For the group, the average inspira- 
tory decrease in arterial systolic pressure decreased sig- 
nificantly from 16 + 8 to 8 + 4 mm Hg with pericar- 
diocentesis. Pulsus paradoxus was present in 6 of the 11 
patients. In 5 of the 6 patients, the inspiratory decline in 
arterial systolic pressure decreased by 9 to 16 mm Hg 
after pericardiocentesis; in the sixth patient, the de- 
crease was only 1 mm Hg, i.e., from 16 to 15 mm Hg. 
Percentage pulsus paradoxus was present in 3 patients 
(19, 20 and 19%), which was eliminated in each case 
after pericardiocentesis. The decrease in right atrial 
pressure after pericardiocentesis was significantly great- 
er in group II than in group I (6 + 4 vs 3 + 2 mm Hg, 
Figure 2). The decreases in pulmonary arterial wedge 
pressure (4 + 5 vs 2 + 2 mm Hg) and reduction in 
inspiratory decrease in arterial systolic pressure (8 + 7 
vs 3 + 4 mm Hg) and increases in cardiac output (1.1 





+ 1.2 vs 0.3 + 0.6 liter/min) tended to be greater in 
group II than in group I but were not statistically signif- 
icant. In the 48 group III patients, the pericardial aspi- 
rate ranged from 250 to 1,750 ml (median value 745). 
By definition, these patients had equilibration of both 
ventricular pressures with pericardial pressure. Pericar- 
diocentesis resulted in significant decreases in intraperi- 
cardial, right atrial and pulmonary arterial wedge pres- 
sures, the inspiratory decrease in arterial systolic pres- 
sure, and a significant increase in cardiac output (Table 
I). Recordings of intraarterial pressure were obtained in 
45 of the 48 patients in group III. Before pericardiocen- 
tesis, all but 7 of the 45 patients manifested an inspira- 
tory decrease in arterial systolic pressure >12 mm Hg, 
i.e., pulsus paradoxus. Two of the 7 without pulsus par- 
adoxus were severely hypotensive, with expiratory sys- 
tolic pressures of 76 and 87 mm Hg; their percentage 
pulsus paradoxus was 10% in each case. In the remain- 
ing 5 patients without pulsus paradoxus, mean right 
atrial pressure was <10 mm Hg; the postpericardiocen- 
tesis increment in cardiac output was <20% in 4 and 
22% in 1 patient. Before pericardiocentesis (Table I), 
right atrial and intrapericardial pressures, but not pul- 
monary arterial wedge pressure, were higher in group 


HEMODYNAMIC CHANGES WITH PERICARDIOCENTESIS 


FIGURE 2. Comparison of changes effect- 
ed by pericardiocentesis in cardiac output 
(CO), right atrial pressure (RAP), pulmo- 
nary arterial wedge pressure (PAWP) and 
inspiratory decrease in arterial systolic 
pressure (IFASP) among the 3 groups. T 
symbol = standard error of the mean; NS 
= not significant. 


KA Group I 
KN Group II 
@ Group Ill 
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NS Not Significant 
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III than in group I or II. Cardiac output was lower in 
group III than in group I. In group III, the decreases in 
pulmonary arterial wedge pressure (8 + 5 mm Hg) and 
the inspiratory decrease in arterial systolic pressure (17 
+ 11 mm Hg) and the increase in cardiac output (2.8 + 
1.5 liters/min) were significantly greater than those 
found in group I or group II patients (Figure 2). Al- 
though the decrease in right atrial pressure (9 + 5 mm 
Hg) was significantly greater in group III than in group 
I, this did not reach statistical significance for group III 
versus group II. 


DISCUSSION 

Previously, we had thought that no hemodynamic 
changes occurred in pericardial effusion as long as right 
ventricular filling pressure exceeded pericardial pres- 
sure.' In the present study, we found that group I pa- 
tients, characterized by the absence of pressure equili- 
bration, manifested decreases in both ventricular filling 
pressures and the inspiratory decrease in arterial systol- 
ic pressure after pericardiocentesis. We also previously 
theorized that exaggeration of the inspiratory decrease 
in arterial systolic pressure sufficient to produce pulsus 
paradoxus occurred only when right and left ventricular 
filling pressures were equal to pericardial pressure, i.e., 
when both ventricles were filling against the common 
stiffness of the fluid-filled pericardium.'! Our present 
data indicate that exaggeration of the inspiratory de- 
cline in arterial systolic pressure occurs when pericardi- 
al pressure is not equal to either ventricular filling pres- 
sure (group I patients). This finding is consistent with 
the findings of Wayne et al? who described exaggerated 
inspiratory decreases in left ventricular ejection time in 
patients with pericardial effusion who did not have clini- 
cally evident hemodynamic embarrassment. In addition, 
the exaggeration reaches the criterion for pulsus para- 
doxus in many patients with equilibration of pericardial 
with right ventricular but not left ventricular filling 
pressure (group II patients). 

We believe that our current data justify the follow- 
ing concept regarding the pathophysiology of cardiac 
tamponade (Figure 1, right): The normal pericardium 
has been shown to contribute to ventricular stiffness 
since pericardiectomy in experimental animals results in 
a reduction in ventricular filling pressure for any given 
volume.*° As evidenced by group I patients, accumula- 
tion of pericardial fluid in the early stages further stif- 
fens the ventricles requiring a higher filling pressure. 
Pericardial pressure will increase provided the compen- 
satory increase in venous pressures is able to maintain 
ventricular volume close to basal levels. The pericardial 
pressure increases as the volume of the total contents of 
the pericardium (cardiac volume and pericardial fluid) 
increases. At this early stage, elevated right and left 
ventricular filling pressures are higher than pericardial 
pressure (phase 1). The compensatory increase in ven- 
tricular filling pressure is generally adequate to main- 
tain normal cardiac output, but there may be a slight 
decrease in some cases. The inspiratory decrease in arte- 
rial pressure is exaggerated at this stage but rarely 
reaches a diagnostic level for pulsus paradoxus, depend- 
ing on the basal value. 
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With increasing fluid accumulation, pericardial 
pressure increases more than ventricular filling pres- 
sures, equilibrating first with the right, which is usually 
lower than the left. At this stage (phase II), the opera- 
tive stiffmess of the pericardium is greater than the right 
ventricle but not the left. Systemic venous pressure must 
fill the right ventricle against a stiffness determined by 
the fluid-filled pericardium. Despite a further compen- 
satory increase in systemic venous pressure, adequate 
ventricular filling is not maintained and cardiac output 
is compromised. The inspiratory decrease in arterial sys- 
tolic pressure is further exaggerated compared with that 
in group I patients and reaches diagnostic levels for pul- 
sus paradoxus in some but not all patients. The further 
increase in pericardial pressure sufficient to equilibrate 
with left ventricular filling pressure signals the onset of 
severe hemodynamic abnormalities (phase III). Com- 
promise of cardiac output generally becomes severe and 
almost all patients manifest pulsus paradoxus. The 
revised concept is consistent with the hemodynamic 
changes noted in an acute animal experiment.® 

If the compensatory increase in venous pressure is 
attenuated because of hypovolemia, cardiac output may 
be compromised in the presence of low ventricular fill- 
ing pressures that are equilibrated with intrapericardial 
pressure, i.e., “low pressure tamponade.” 7 None of our 
patients had low pressure tamponade. However, we 
have encountered a subgroup of patients with equilibra- 
tion of pericardial and ventricular filling pressures that 
were <10 mm Hg. In these patients, pericardiocentesis 
was associated with an insignificant increase in cardiac 
output. Studies in experimental animals have shown 
that the difference between right ventricular filling and 
pericardial pressure is small 57 If this also applies to hu- 
mans, certain patients who have low ventricular filling 
pressures with a minimal difference between them may 
have apparent equalization of ventricular filling and 
pericardial pressure. When pericardial effusion develops 
in these patients, ventricular filling pressures will be ap- 
parently equilibrated with pericardial pressure even be- 
fore the effusion causes a compensatory elevation of 
ventricular filling pressure. However, these patients, in 
contrast to those with hypovolemia, do not have com- 
promised cardiac output. Thus, patients with equilibrat- 
ed but low filling pressures may or may not have com- 
promised cardiac output depending on whether the low 
pressure is secondary to hypovolemia. 3 

We previously observed that pulsus paradoxus, de- 
fined as >10% inspiratory decrease in arterial systolic 
pressure, occurs when both ventricular filling pressures 
are equilibrated with an elevated pericardial pressure.! 
This hemodynamic condition suggested filling of both 
ventricles was taking place against the common stiffness 
of the fluid-filled pericardium. In this state, both ventri- 
cles will fill to the same degree as long as the filling 
pressures remain equal. However, transient disturbances 
in this equilibrium caused by respiratory changes in in- 
trathoracic pressure alternately favor left and right ven- 
tricular filling leading to pulsus paradoxus. During in- 
spiration, pulmonary venous pressure decreases below 
systemic venous pressure, whereas the reverse holds true 
during expiration. We thus believed elevation and equil- 


ibration of ventricular filling pressures with pericardial 
pressure were necessary conditions for the production of 
pulsus paradoxus associated with pericardial effusion. 
Although every patient with elevated ventricular filling 
pressures which were equilibrated with pericardial pres- 
sure manifested pulsus paradoxus, a new finding in the 
present study was an exaggerated inspiratory decrease 
in arterial systolic pressure in patients who did not fulfill 
all these hemodynamic criteria. Pulsus paradoxus was a 
frequent finding in patients whose right ventricular fill- 
ing pressure was equilibrated with pericardial but not 
left ventricular filling pressure. Only an occasional pa- 
tient without any pressure equilibration had evidence of 
pulsus paradoxus. However, even in this group of pa- 
tients, the inspiratory systolic pressure decline was exag- 
gerated. The mechanism of pulsus paradoxus is complex 
and remains elusive. The following explanation appears 
to be reasonable based on current data: With inspira- 
tion, intrathoracic pressure decreases, facilitating a 
greater flow into the right heart chambers from the ex- 
trathoracic systemic veins. An important mechanism in 
altering flow to the left heart may be ventricular inter- 
action.!9-!2 Increased right heart filling tends to raise 
pericardial pressure and increase the impedance to left 
ventricular filling. This interaction may be partly re- 
sponsible for the normal inspiratory decrease in arterial 
systolic pressure. This interaction may be further exag- 
gerated as the ventricles are increasingly stiffened by 
pericardial effusion, and pericardial pressure equili- 
brates with right ventricular filling pressure as in group 
II patients. This interaction may be maximal when ele- 
vated pericardial pressure equilibrates with both left 
and right ventricular filling pressures as in group III 
patients. Equilibration of pressures on either side of the 
ventricular septum may convert this normally left ven- 
tricular structure into a neutral structure (De, it may 
become part of either the right or left ventricle depend- 
ing on the filling pressures). With expiration, when pul- 
monary venous and left ventricular filling pressures are 
transiently higher than right ventricular filling pressure, 
it is concave toward the left ventricle. With inspiration, 
when intrathoracic pulmonary venous pressure tran- 
siently decreases below right ventricular filling pressure 
(extrathoracic systemic venous pressure), the septum 
may bulge toward the left ventricle with a concavity 
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toward the right ventricle. This contributes to the ca- 
pacity of the right ventricle at the expense of left ven- 
tricular volume. Thus, with the addition of the “septal 
component,” the interaction between the ventricles will 
be most exaggerated when ventricular filling pressures 
are equilibrated. This explanation is consistent with the 
echocardiographic observations of an inspiratory septal 
shift in patients with pulsus paradoxus secondary to 
pericardial effusion.!>!4 In addition, accumulation of 
fluid after initial equilibration of ventricular filling pres- 
sures may further exaggerate the pulsus paradoxus pri- 
marily because of compromised filling from increased 
stiffness. In severe tamponade, when left ventricular fill- 
ing is severely compromised, the inspiratory bulge of the 
septum may almost totally obliterate the left ventricular 
cavity. This may result in minimal or no stroke volume 
and an absent arterial pulse. 
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Transesophageal Echocardiography in 
Critically lll Patients 


Jae K. Oh, MD, James B. Seward, MD, Bijoy K. Khandheria, MD, 
Bernard J. Gersh, MB, ChB, DPhil, Christopher G.A. McGregor, MD, 
William K. Freeman, MD, Lawrence J. Sinak, MD, and A. Jamil Tajik, MD 


The feasibility, safety and clinical impact of trans- 


esophageal echocardiography were evaluated in 51 
critically ill intensive care unit patients (28 men and 
23 women; mean age 63 years) in whom transtho- 
racic echocardiography was inadequate. At the 
time of transesophageal echocardiography, 30 pa- 
tients (59%) were being mechanically ventilated. 
Transesophageal echocardiography was performed 
without significant complications in 49 patients 
(96%), and 2 patients with heart failure had wors- 
ening of hemodynamic and respiratory difficulties 
after insertion of the transesophageal probe. 

The most frequent indication, in 25 patients 
(49%), was unexplained hemodynamic instability. 
Other indications included evaluation of mitral re- 
gurgitation severity, prosthetic valvular dysfunc- 
tion, endocarditis, aortic dissection and potential 
donor heart. In 30 patients (59%), transesophageal 
echocardiography identified cardiovascular prob- 
lems that could not be clearly diagnosed by trans- 
thoracic echocardiography. In the remaining pa- 
tients, transesophageal echocardiography permit- 
ted confident exclusion of suspected abnormalities 
because of its superior imaging qualities. Cardiac 
surgery was prompted by transesophageal echo- 
cardiographic findings in 12 patients (24%) and 
these findings were confirmed at operation in all. 

Therefore, transesophageal echocardiography 
can be safely performed and has a definite role in 
the diagnosis and expeditious management of criti- 
cally ill cardiovascular patients. 

(Am J Cardiol 1990;66:1492-1495) 
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satisfactory in the intensive care unit, especially 

when the patient is connected to life-support de- 
vices or has recent surgical wounds that limit optimal 
ultrasound windows. Transesophageal echocardiogra- 
phy, not affected by these constraints, can predictably 
provide high-quality tomographic images of the heart 
and the thoracic aorta in nearly every patient.! To date, 
only limited discussion of this important application of 
transesophageal echocardiography has been published. 
We report the feasibility and safety of transesophageal 
echocardiography and its clinical impact in critically ill 
patients from our first-year experience with this pro- 
cedure. 


[| reor echocardiography is frequently un- 


METHODS 

Patients: From November 1987 to December 1988, 
580 patients underwent transesophageal echocardio- 
graphic examinations outside the operating room. Of 
these, 51 patients (9%) were classified as critically ill (in 
an intensive care unit): 25 in the coronary care unit, 15 
in the surgical intensive care unit and 11 in the medical 
intensive care unit. Twenty-eight patients were men and 
23 were women (mean age 63 years, range 18 to 85). In 
each, transthoracic echocardiography was nondiagnos- 
tic, of suboptimal quality, or impossible because of inac- 
cessibility of precordial ultrasound windows. At the 
time of transesophageal echocardiography, 30 patients 
(59%) were being mechanically ventilated. 

Transesophageal echocardiography: Transesopha- 
geal echocardiography was performed with a Hewlett- 
Packard transesophageal probe with a 5-MHz trans- 
ducer as described.! In each patient, 10% lidocaine 
spray was used for local anesthesia and intravenous gly- 
copyrrolate (Robinul®, 0.2 mg) for secretion control if 
necessary. Unless the patient was already sedated, mi- 
dazolam (Versed®, 1 to 7 mg) was administered intrave- 
nously. Two patients on mechanical ventilation were 
given pancuronium bromide for severe agitation. Sub- 
acute bacterial endocarditis prophylaxis was adminis- 
tered for patients who had prosthetic valves without sus- 
pected endocarditis. Initially, the nasogastric tube was 
removed before the study. However, after several pa- 
tients had been examined, the transesophageal probe 
was inserted without removing the nasogastric tube and 
adequate images were obtained. 

The severity of valvular regurgitation was assessed 
qualitatively by visualizing the width, extent and dura- 


—_ 
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tion of the regurgitation jet on color-flow imaging and 
was classified as severe or nonsevere (mild to moder- 
ate).2 Patients’ records were reviewed retrospectively to 
determine their subsequent clinical course. 


RESULTS 

Feasibility and safety: No clinically significant com- 
plication was noted in 49 of 51 patients (96%). One pa- 
tient with severe ischemic left ventricular dysfunction 
experienced increasing respiratory difficulty and an in- 
crease in pulmonary artery pressure (systolic, from 55 
to 74 mm Hg). The transesophageal probe was with- 
drawn promptly without imaging and the patient’s he- 
modynamics returned to the baseline immediately. In 
the other patient, who had persistent hypoxemia (partial 
arterial oxygen pressure, 66 mm Hg; oxygen saturation, 
89%) on mechanical ventilation with 100% oxygen, 
worsening of oxygen desaturation (arterial oxygen satu- 
ration, 64%) developed after 5 minutes of diagnostic 
transesophageal echocardiography. 

Indications and findings: The main indication for 
transesophageal echocardiography was unstable hemo- 
dynamics. Twenty-five patients (49%) had shock, hypo- 
tension or pulmonary edema, of whom 10 had a recent 
myocardial infarction and 7 underwent operation (4 
cardiac and 3 vascular). Transesophageal echocardiog- 
raphy diagnosed the following abnormalities: severe mi- 
tral regurgitation in 9 patients (due to papillary muscle 
dysfunction in 5, papillary muscle rupture [Figure 1] in 
2, periprosthetic mitral regurgitation in | and flail bio- 
prosthesis in 1); severe left ventricular dysfunction in 4, 
right ventricular infarct in 2 (1 patient with concomi- 
tant right-to-left shunt through the patent foramen ova- 
le [Figure 2]); hypovolemic state in 3 patients with hy- 
perdynamic small left ventricular cavity; critical aortic 
stenosis in 1 patient with pulmonary edema after ab- 
dominal aortic aneurysm repair; mediastinal hematoma 





FIGURE 2. Left, transesophageal 4-chamber view, demonstrating right ventricular (RV) infarct. Right cardiac chambers are di- 





FIGURE 1. Systolic still frame of transesophageal 4-chamber 
view, demonstrating papillary muscle rupture. Ruptured head 
of the papillary muscle (arrowheads), attached to the posteri- 
or mitral leaflet, fiails into the left atrium (LA). The mitral 
valve coaptation is grossly inadequate, allowing massive mi- 
tral regurgitation. AV = aortic valve; LV = left ventricle; RV = 
right ventricle; VS = ventricular septum. 


in 1 patient after recent repair of proximal aortic dissec- 
tion; dehisced aortic homograft valve in 1 patient; and 
postinfarct ventricular septal defect (Figure 3) in 1 
patient. Eight of these patients underwent cardiac 
surgery, which confirmed transesophageal echocardio- 
graphic findings in all cases. 

Ten patients were evaluated for vegetation or ring 
abscess. Transesophageal echocardiography demon- 
strated a soft tissue mass posterior to the aortic prosthe- 





lated and atrial septum (AS) bulges toward left atrium (LA) because of high right atrial (RA) pressure. Swan-Ganz catheter and 
temporary pacemaker wires are seen in right atrium (arrowheads). Right, because of persistent hypoxemia despite oxygen 
therapy, right-to-left shunt was suspected. Contrast agent injected into the right atrium appears immediately in the left cardiac 
chambers, confirming right-to-left shunt across a patent foramen ovale. LV = left ventricle; VS = ventricular septum. 
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sis in 2 patients and vegetations on mitral (Figure 4) 
and aortic prostheses in 1 patient each. Based on these 
findings, the first 3 patients underwent operations at 
which an infected hematoma within an aortic false an- 
eurysm, aortic ring abscess and mitral prosthetic vege- 
tation were found, respectively. 

Six patients were evaluated for cardiac contusion. 
Five were brain dead and considered as heart donors. 
Transesophageal echocardiography revealed findings 





FIGURE 3. Transgastric view, demonstrating postinfarct ven- 
tricular septal defect. A large tear (arrowheads) in the antero- 
septum is clearly shown. LV = left ventricle; RV = right ven- 
tricle; VS = ventricular septum. 





FIGURE 4. Close-up view of a Starr-Edwards mitral prosthe- 
sis by transesophageal echocardiography in a 16-year-old pa- 
tient with sepsis. Large mobile linear structures (white arrow- 
heads) are attached to either side of the sewing ring (black 
arrowheads), the typical appearance of vegetation. LA = left 
atrium; LV = left ventricle. 
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consistent with right ventricular contusion (dilated right 
ventricular cavity and akinetic free wall)? in 1 and aki- 
netic ventricular septum and anterior wall in another 
patient. Both patients were rejected as donors, and post- 
mortem examination showed right ventricular contusion 
and anterior myocardial infarction due to left anterior 
descending coronary artery thrombosis, respectively. 

Ten patients were referred for suspected aortic dis- 
section (6 patients), cardiac source of embolus (3 pa- 
tients), or abnormal left ventricular contour on trans- 
thoracic echocardiography associated with persistent 
chest pain after myocardial infarction (1 patient). 
Transesophageal echocardiography demonstrated a dis- 
section ef the descending aorta, nonvascular mediastinal 
mass (subsequently diagnosed as a metastatic tumor), 
left atrial thrombus, and contained left ventricular free- 
wall rupture in 1 patient each. The free-wall rupture 
was surgically repaired successfully. 


DISCUSSION 

Feasibility and safety: The intensive care unit envi- 
ronment imposes restriction on the imaging ability of 
transthoracic echocardiography. In this setting, transe- 
sophageal echocardiography offers an alternative imag- 
ing window to the heart and the thoracic aorta. How- 
ever, transesophageal echocardiography is a semi-inva- 
sive procedure, and there is concern about performing 
such a procedure in a critically ill patient. Our experi- 
ence demonstrated that transesophageal echocardiogra- 
phy could be performed with a low risk in the critically 
ill patient, although our complication rate of 4% is high- 
er than the complication rate (<1%) reported by oth- 
erst in awake patients. This difference may be related 
to the fact that the mild changes in hemodynamics dur- 
ing the transesophageal echocardiographic examina- 
tion? may produce clinical deterioration in these pa- 
tients with marginal hemodynamic status. Therefore, 
transesophageal echocardiography should be performed 
by a cardiologist experienced in managing potentially 
life-threatening cardiovascular situations, and we rec- 
ommend continuous blood pressure and heart rate mon- 
itoring as well as oxygen saturation during the pro- 
cedure. 

Clinical impact of transesophageal echocardiogra- 
phy: Critically ill patients, especially when hemodynam- 
ically unstable, require prompt diagnostic evaluation. 
Transesophageal echocardiography is the only diagnos- 
tic procedure now available that can be performed at 
the bedside, can predictably image the heart and the 
aorta, and can provide blood flow information. All these 
are achieved without moving the patient or injecting 
contrast medium. Various cardiac problems responsible 
for hemodynamic deterioration were readily diagnosed 
by transesophageal echocardiography, such as severe 
mitral regurgitation due to papillary muscle dysfunction 
or rupture, ventricular septal defect, severe aortic steno- 
sis, hypovolemic state and ventricular dysfunction. It 
has also been reported that transesophageal echocardi- 
ography was useful in detecting localized hematoma 
compressing the right cardiac chambers in hypotensive 
patients postoperatively.® 





Transesophageal echocardiography was also valu- 
able in the evaluation of prosthetic valvular dysfunction, 
detection of vegetation, and aortic dissection as reported 
by others 7" 

Donor heart failure is a recognized cause of mortali- 
ty after cardiac transplantation.!? Two of 5 patients in 
this study who seemed to be suitable heart donors clini- 
cally were found to have significant right or left ventric- 
ular wall motion abnormalities. Such clinically unsus- 
pected cardiac abnormalities may contribute to donor 
heart failure after transplantation. 

Of 51 critically ill patients, 12 (24%) underwent car- 
diac surgery primarily on the basis of transesophageal 
echocardiographic findings. When the transesophageal 
echocardiographic examination was negative, the cardi- 
ac abnormalities suspected could be excluded confident- 
ly because of the superb images obtained. 

For echocardiography to be a complete diagnostic 
procedure, it needs to provide predictable cardiac im- 
ages of convincing clarity so that definitive planning of 
patient management is possible without further tests to 
confirm the echocardiographic findings. In this regard, 
transesophageal echocardiography is superior to the 
transthoracic approach, especially in the critically ill pa- 
tient with a limited precordial ultrasound window. 
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HISTORICAL STUDY 


The Developmental Phase of Modern 
Coronary Artery Surgery 


René Gerónimo Favaloro, MD 


ecause of the many questions related to the devel- 

opmental phase of modern coronary artery sur- 

gery that my colleagues posed during my partici- 
pation in international meetings in recent years, I decid- 
ed to enlarge a previous study published in 1983! and 
present in detail the major events that occurred when 
I left Argentina—my home country—and joined the 
Cleveland Clinic team in Ohio in 1962. 

I graduated from the Medical School at the Univer- 
sity of La Plata. Since my training as a resident in gen- 
eral surgery, I had been attracted by thoracic surgery. 
As a consequence, I traveled on Wednesdays to the 
Rawson Hospital in Buenos Aires, where Enrique and 
Ricardo Finochietto had organized a postgraduate pro- 
gram, mainly to get acquainted with lung and esophage- 
al resection. After I finished my residency early in 1949, 
those trips became a weekly duty. We were lucky to 
have 2 outstanding surgeons in La Plata: Professor 
Federico Christmann and Professor José Maria Mai- 
netti. I started my training with the latter, an energetic, 
unusually ambidextrous and skillful surgeon who be- 
came my master. I lived in the University Hospital, in a 
small room, and theught only of my work and the 
teaching career I chose early on as a student teaching 
assistant in anatomy. But my destiny, for many reasons, 
led me to become a country doctor in a small village in 
the southwest of the dry pampas in May 1950. 

With tremendous effort, saving every penny—I 
come from a low-to-middle class family; my father was 
a carpenter, my mother a dressmaker—I was able to 
build up a small clinic with 1 operating room and an x- 
ray machine. For the first time, surgery was performed 
in that rural area; emergency operations became my 
principal work. My only brother—Juan José—also a 
surgeon, joined me 2 years later. From then on, the 
broad spectrum of general surgery engaged most of our 
time, because ours was the only properly equipped and 
organized clinic for more than 150 kilometers. 

Even though I was far from my University, I made 
regular trips to La Plata and we received the most im- 
portant medical journals. The early contributions in car- 
diovascular surgery made a great impression on me in 
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the early fifties, and though I was satisfied with our 
work in the countryside, in 1960 I began to cherish the 
idea of travelling to the United States to be trained in 
thoracie and cardiovascular surgery. In 1961 I talked to 
Professor Mainetti, who understood how I felt and who, 
after one of his many trips to that country, advised me 
to go to the Cleveland Clinic. Not too many doctors in 
Argentina knew about the Cleveland Clinic in those 
days. Consequently I asked: “Why the Cleveland Clin- 
ic?” He answered very quickly: “They have one of the 
best cardiology departments. They are far advanced, 
mainly in the cardiac laboratory, because of the work of 
Mason Sones. Besides, they have an excellent research 
department, where Kolff is working, and I saw Effler in 
the operating room and he is an excellent surgeon.” Dr. 
Mammen wrote to his friend, George Crile, Jr., and at 
the beginning of February 1962 I traveled to Cleveland 
with my wife. 

I will never forget my 12 years in Jacinto Arduz, the 
village where we worked. They taught me many things, 
but the most important thing I learned is that the pa- 
tients we treat in practice should be treated with honor, 
and that they deserve our love and, oftentimes, our com- 
passion. 

After my arrival in Cleveland I went to see Dr. 
Crile. We had a friendly talk and I was very impressed 
with his personality. Later on he became one of my best 
friends at the Clinic. I had always admired his humanis- 
tic idealism. He telephoned Dr. Donald Effler and after 
a few minutes I was in Dr. Effler’s office with some fear 
in my soul. I explained the reason for my trip and em- 
phasized that I was ready to work with dedication 
and responsibility. I did not have the proper require- 
ments—mainly, the Educational Council Foreign Medi- 
cal Graduate examination—and he made it clear that I 
could only be accepted as an observer, without any pay- 
ment. I explained that I had been able to save some 
money and was not asking for a salary, only a place to 
learn. He sent me to the educational department to be 
registered. My happiness ended when the director gave 
me a hard time. Shortly before, a fellow from Argentina 
had been admitted to work in the research department; 
he had signed a contract for 1 year and had disappeared 
within the first 2 months, without giving notice, to join 
another hospital in the south of the state. As a conse- 
quence, the director told me that he did not want any 
other doctor from that “wild country.” The interview 
became very sour and finally I stood up and told him 
that I was sorry about the circumstances but could not 
tolerate his insults to Argentina any longer. I thought: 
“This is the end of my dream.” 
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However, I went back to see Effler; I explained what 
had happened. To my surprise he said: “Forget all 
about it. Tomorrow you will start work at 8 o’clock.” 
And this is the way I was admitted to the Cleveland 
Clinic. I had to buy my own white coats because, not 
having been accepted officially by the educational de- 
partment, only the greens for the operating room were 
available for me. 

Besides Effler and his partner, Dr. Larry Groves, the 
members of the Department of Thoracic & Cardiovas- 
cular Surgery were: a senior resident, Dr. Niall Scully, 
a junior resident, Dr. Alfonso Parisi, and sometimes a 
rotating fellow from general surgery. Most of the daily 
work was lung resection, esophageal repair or resection, 
and mediastinal tumors. Only 3 or 4 open-heart surger- 
ies, mainly relating to congenital diseases, were per- 
formed per week. Within 2 weeks, Effler invited me to 
scrub up and made me the second assistant in a left 
pneumonectomy. From then on I assisted him and 
Groves at every opportunity. I placed Foley catheters, 
pushed beds back and forth to the intensive care unit, 
helped the anesthetists and Rose Litturi, who was in 
charge of the pump equipment, clean, siliconize and set 
the enormous extracorporeal machine with a Key-Cross 
oxygenator and electronic flow meter. In short, I did 
everything possible to show my gratitude. 


THE BEGINNING 

Just before my arrival at the Cleveland Clinic, two 
important events had occurred. On January 5, 1962, 
Effler and his associates had been successful in over- 
coming a severe obstruction at the left main coronary 
artery? using the patch graft technique described by 
Senning.? Sones, on January 12, examined a patient op- 
erated on by Vineberg in Canada in 1946 and used se- 
lective opacification of the left mammary artery to re- 
veal that collateral circulation arising from a systemic 
artery implanted in a small tunnel was sufficient to di- 
minish the myocardial perfusion deficit in the territory 
perfused by the anterior descending branch of the left 
coronary artery. His finding was repeated in March in 
another patient, operated on by Bigelow. 

Right from the start I was drawn to the work of 
Mason Sones, Earl Shirey and their colleagues, who 
performed hundreds of top quality cine coronary angio- 
grams down in the basement.* Studies of such precision 
and skill were at that time only available in the Cleve- 
land Clinic and, furthermore, were systematically 
stored. Sones’ department was called Bio and it was 
there that I spent most of my free time after finishing 
the day’s work in the Department of Thoracic & Car- 
diovascular Surgery. I had rented a small apartment 
just across the street in an old building with an amusing 
name—“‘Palais Royal.” Living so close to the Clinic, I 
avoided traveling through the streets and roads, which 
are covered with snow most of the winter in the Ohio 
Great Lakes area. This way, I was able to prolong my 
activity late into the evening and sometimes even into 
the night. 

Slowly and steadily, with the help of the fellows 
working in Bio, I started learning how to read cine coro- 


nary angiograms. I found the doors of Sones’ office per- 
manently open, learned that it was his habit to wear a 
white undershirt and that he was always willing to ex- 
change ideas with his associates and the innumerable 
visitors from all over the world who came to watch him 
work. With humility I asked for his advice in interpret- 
ing some of the movies that were difficult for me be- 
cause of my lack of experience. From then on we devel- 
oped a deep and everlasting friendship. 

After a few months it became clear that 2 distinct 
groups of patients could be categorized: (1) those with 
diffuse disease that involved most of the coronary 
branches, very often with collateral vessels between 
them, and (2) those with select, localized obstruc- 
tions, mainly at the proximal segments of the coronary 
branches, with good distal runoff. The analysis of the 
cine left ventriculograms showed a definite correlation 
between the severity of coronary arteriosclerosis and the 
state of the heart muscle. At that time only the right 
anterior oblique projection was used. Later on, because 
of my daily observation at the operating room, mainly 
of patients with ventricular aneurysm and poor ventric- 
ular contraction, I suggested to Mason that the left an- 
terior oblique view was necessary to visualize the sep- 
tum and lateral wall. Since then, both projections have 
become mandatory for the analysis of the entire left 
ventricle, to clarify the proper indication and operative 
approach. 

I studied for the Educational Council Foreign Medi- 
cal Graduate examination mainly on weekends and 
have to confess that it was difficult to sit still for so 
many hours, reviewing anatomy, physiology, biochemis- 
try, after so many years had passed since I finished 
medical school. But I knew it was worthwhile and very 
often I went to the library to become familiar with 
books and journals of our field. 

Surgical attempts under the leadership of Effler 
were applied to most patients following Vineberg’s 
Idea 7 7 The patch repair technique was used in a select 
group and, as our experience accrued, so was resec- 
tion of scar tissue and ventricular aneurysm, when in- 
dicated.® 

Indirect myocardial revascularization: The left in- 
ternal mammary artery was prepared through a left 
posterolateral thoracotomy, following Vineberg’s tech- 
nique, with meticulous dissection to avoid any damage. 
We found that, if we left a sponge impregnated, with 
papaverine attached to it, while we prepared the tunnel, 
spasm was avoided and the artery lumen enlarged. The 
internal mammary artery was applied on the anterolat- 
eral wall of the left ventricle. Dr. David Fergusson, who 
arrived from South Africa to join Sones’ department, 
became an expert in direct visualization of the mamma- 
ry arteries in the cardiac laboratory. He analyzed the 
postoperative studies he and the other members of B10 
had performed and found that the patency rate and the 
degree of connection with the coronary circulation were 
directly related to the severity of the obstruction and the 
presence of collateral circulation. The overall results 
were gratifying.? Our work increased steadily. After 
passing the Educational Council Foreign Medical Grad- 
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uate examination, I became a regular junior fellow in 
1963 and the chief resident in 1964. 

In 1965 Effler invited Sewell to operate on a patient 
in our hospital, and I helped him. His approach—the 
pedicle technique—allowed the surgeon to work far 
from the artery and consequently the dissection was 
done in a short time and with less trauma.!° The draw- 
back was that the tunnel had to be made with a bistoury 
blade in order to place the pedicle in the heart muscle. 
As a consequence, we combined the Vineberg and Sew- 
ell techniques. After the dissection was done, the mam- 
mary artery in the distal segment was free of all the 
surrounding tissue and only that portion was placed in- 
side the tunnel, which was made in the classical fashion 
of the original Vineberg operation. This approach be- 
came known to us as the Vineberg-Sewell technique. 

The midline anterior thoracotomy became a routine 
procedure for most of our open-heart operations and, 
very often, when I lifted the sternum up to place the 
Finochietto retractor, er, at the end of the operation to 
control some bleeding, the mammary arteries were right 
there. I could see and palpate them. In 1965 I dissected 
some portions, mainly at the level of the fourth and fifth 
interspaces. I discussed the idea of using both mamma- 
ries with Mason several times, but somebody told him 
that necrosis might oceur if the sternum was deprived of 
that blood supply. Reviewing the anatomy, I thought it 
logical to think this a senseless warning. Finally, in 
1966 (I was now a staff member of the Department of 
Thoracic & Cardiovascular Surgery), I dissected both 
mammaries and implanted them in the left ventricle: 
the right, parallel to the anterior descending branch, 
and the left, on the lateral wall in a tunnel underneath 
the branches of the circumflex coronary artery and the 
distal branches of the right coronary artery.'!:!2 I per- 
formed 38 consecutive procedures without any mortal- 
ity, possibly because we selected the patients very 
carefully. 

The dissection was done with routine instruments 
and with the assistance of one of the fellows who, by the 
end, was always very tired after holding the sternum up 
with both hands. Consequently, I designed a special 
self-retaining retractor,'? which, with some modifica- 
tions, is used today in cardiovascular centers all over the 
world to dissect the internal mammary artery for inter- 
nal mammary artery coronary anastomosis. I also de- 
signed the instruments so that we could make the tunnel 
in the anterolateral and diaphragmatic wall of the left 
ventricle without distorting the heart. We never used 
extracorporeal circulation to perform a double internal 
mammary implant. We learned that by holding the 
heart very gently (“as a lady,” I used to tell the resi- 
dents), we were able to avoid arrhythmias and hypo- 
tension. 

When Vineberg learned that we were using this new 
approach, he visited the Cleveland Clinic with some fre- 
quency and we exchanged ideas between operations. 
From then on we became close friends. When I re- 
turned to Buenos Aires he wrote me now and then, until 
his death on March 26, 1988. An extensive discussion of 
Vineberg’s original ideas is found in the book!* I wrote 
in 1970 (see page 67 of reference 14). I still believe that 
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our new approach was a good way to ameliorate myo- 
cardial perfusion deficit. The most significant demon- 
strations were obtained in some patients whose repeat 
catheterizations showed that their left coronary arteries 
were totally occluded at the ostium and that their left 
ventricles were perfused by both implants by a sponge 
of collateral circulation. 

We summarized the experience we had at the Cleve- 
land Clinic with the indirect approach at the annual 
meeting of the American Association for Thoracic Sur- 
gery in 1967.'° Thinking back, I sometimes believe that 
we were expecting miracles, because we knew that sev- 
eral months were required to develop connections be- 
tween the systemic artery and the coronary artery tree. 
Cardiologists referred us patients with intractable angi- 
na, impossible to control even under the strictest medi- 
cal regimen. They demanded our help because the cine- 
angiograms revealed severe obstructions at the left main 
trunk level or severe proximal obstructions in the anteri- 
or descending and circumflex branches of the left coro- 
nary artery without collateral vessels. 

When we reviewed the first 585 patients who under- 
went bilateral internal mammary implant, we found 
that 73 (12.4%) had left main trunk obstruction; 14 of 
the 43 patients who died after the operation belonged to 
that group, and 71.1% of the perioperative myocardial 
infarctions were related to obstructions of the anterior 
descending coronary territory. 

The midline anterior thoracotomy helped us accom- 
plish combined simultaneous procedures since 1966. We 
performed ventricular aneurysmectomy, valve repair or 
valve replacement with concomitant single or double 
implants. Ip 

Direct myocardial revascularization: As I have men- 
tioned, the direct approach arose in January 1962 with 
the patch graft techique. Patients were carefully select- 
ed and the results were gratifying for localized obstruc- 
tions, mainly those on the right coronary artery, with an 
acceptable operative mortality (10.5% of 142 patients). 
Mortality was extremely high, however, in patients with 
left main trunk obstruction: 11 deaths in 14 patients. 
We tried different operative approaches,'* including 
transection of the pulmonary artery (see page 44 of ref- 
erence 14). I was convinced and still do believe that the 
heart muscle of the left ventricle in patients with se- 
vere disease at the left main trunk level functions under 
severe chronic anoxia. Though the aorta was cross- 
clamped (the only way to approach the left main trunk) 
for approximately 20 minutes, it was enough to alter the 
myocardial cell metabolism to an irreversible state. It is 
worthwhile to mention that cardioplegia was not avail- 
able at that time. These poor results were the reason for 
the application of the double mammary implant in pa- 
tients with left main trunk obstruction, certainly our 
worst enemy. 

In those years I used to go to the operating room 
with both the thrill of challenge and with fear in my 
soul. Sometimes, when the kidney transplantation team 
was desperately looking for a donor and they saw in the 
surgical schedule that I was ready to approach that kind 
of patient once more, they would come and ask permis- 
sion to perform a crossmatch before the operation. 





One morning, just before we were getting ready for 
a left main trunk reconstruction, one of the residents, a 
fervent Catholic, told me of his inner struggle between 
his duty as a surgeon and his religious sentiments, and 
informed me that he did not wish to participate in the 
operation because he felt guilty. After the operation we 
had a long talk. I told him that I too was a Catholic but 
as a surgeon I felt that I had to make every effort to 
help those patients with the most difficult coronary ar- 
tery disease. I informed him that he had chosen a very 
hard career in becoming a surgeon and that he should 
think well in advance of the consequences. A surgeon’s 
life means assuming responsibility for the risk that ac- 
companies his decision to operate. The deaths associated 
with surgery are personal and the surgeon must endure 
their burden as long as he lives. He must never, of 
course, consider his patients as experimental subjects or 
as objects upon which to perfect his preferred treat- 
ment. I ended by saying that I did not believe we were 
breaking those ethical rules and that we were genuinely 
searching for a solution to an extremely difficult prob- 
lem. The review of 13,000 cineangiograms performed 
by Sones and associates showed that only 32 patients 
survived total occlusion of the left main coronary artery. 
Of course, all of them had diffuse collateral vessels orig- 
inating in the right coronary artery. 

As our experience grew, longer patch reconstructions 
were performed, but the postoperative cine coronary an- 
giograms showed that there was a direct relation be- 
tween the extent of the repair and the rate of postopera- 
tive thrombosis. The longer the repair, the greater the 
failure. This was a result of the coronary artery being 
effectively untouched, and so its inner surfaces retained 
irregularities that could disturb the flow pattern, lead- 
ing to the production of thrombosis and consequent oc- 
clusion. 

Early in 1967 I thought that the use of the saphe- 
nous vein could solve the problem. There was enough 
experience in peripheral and renal artery reconstruction 
with that kind of graft at the Cleveland Clinic. Why not 
at the coronary level? I discussed the idea with Mason 
and some of his associates and we decided that at the 
beginning we should try grafting in the right coronary 
artery and that the patient must have a totally occluded 
vessel with the distal segment visualized by collaterals. 
If the graft occluded, the patient would suffer no harm. 
The first operation was performed in May 1967 on a 
51-year-old lady who had been catheterized by David 
Fergusson. The proximal and distal segments of the to- 
tally occluded right coronary artery were reconstruct- 
ed with a segment of saphenous vein and 2 end-to-end 
anastomoses. Sones was very anxious to restudy the pa- 
tient and did so 8 days later. He called me and as soon 
as I finished one of the operations I went to the cardiac 
laboratory. Mason showed me the film on the Tage- 
Arno. I had very rarely seen him so happy. The right 
coronary artery had been totally reconstructed and 
there was an excellent distal runoff. A few days later he 
took a 16-mm movie of the pre- and postoperative stud- 
ies to a meeting in West Germany. 

Very early in our experience we realized that the 
interposed technique presented significant limitations. A 


bypass from the anterolateral wall of the aorta was done 
on the fifteenth patient, as pointed out in page 337 of 
my first publication.!’ Because bypasses to the right 
coronary artery were performed at the beginning, the 
distal anastomosis was done end-to-end with the ad- 
vance knowledge that the diaphragmatic distribution of 
the right coronary artery was the most important seg- 
ment, supplying blood to the right ventricle and a por- 
tion of the left ventricle in a dominant right coronary 
artery circulation. We preferred to direct the total flow 
to the diaphragmatic posterior descending and atrioven- 
tricular branches. We switched to the end-to-side anas- 
tomosis later on. We therefore extended the technique 
to the left coronary artery distribution.'* At the begin- 
ning we went slowly, because we did not know of any 
previous clinical application and were concerned with 
the late evolution of the graft, mainly with thrombosis 
and dilatation. The fact that the proximal anastomoses 
were placed on the anterolateral wall of the aorta a cou- 
ple of centimeters above the natural ostium led me to 
believe that the graft would remain patent because it 
would follow the natural coronary flow pattern. Mason 
was not so enthusiastic. He would say: “Let’s see if 
they plug at three months. We must carefully select the 
patients and wait until we have the postop cinean- 
giogram.” 


1968 

The important landmarks achieved in 1968 were the 
result of a team effort based on the high-quality cinean- 
giograms performed by Sones and colleagues in Bjo, the 
pioneer work by Proudfit et al? on the natural evolution 
of patients with coronary arteriosclerosis under medical 
treatment, which allowed us to screen the proper surgi- 
cal candidates and compare the operative results, and 
the operations performed in the Department of Thorac- 
ic & Cardiovascular Surgery under the leadership of 
Effler. I will always thank him for giving me total free- 
dom to work and for encouraging the development of 
new ideas. 

As a consequence we combined: 

1. The coronary artery bypass technique with left 
ventricular reconstruction (aneurysmectomy or scar tis- 
sue resection) following the ideas originated in 1966.'° 

2. Coronary artery bypass surgery with concomitant 
valve replacement, because cine coronary angiograms 
were regularly made of patients with valvular diseases. 

3. The application of the bypass operation to the left 
coronary artery distribution (see page 47 of reference 
14).!4 The first operation was performed on a patient 
with severe obstruction of the left main trunk and mini- 
mal changes on the left anterior descending and circum- 
flex branches. A single bypass to the proximal segment 
of the left anterior descending branch showed excellent 
perfusion of the entire left coronary artery in the post- 
operative study. Left main artery disease had been de- 
feated. This was one of the most gratifying rewards I 
have ever had in my life as a surgeon after many years 
of suffering and sweating. 

4. Emergency bypass surgery in impending infarc- 
tion and acute infarction.2? The available literature, 
mainly the experimental contributions of Cox et al,?! 
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convinced me that, if good oxygenated blood was avail- 
able in the early hours of a myocardial infarction (and 
certainly the bypass graft was able to supply it), the 
muscle could recuperate. In those days our patients 
waited for 2 or 3 months to be operated on. Our facili- 
ties were limited because we only had 3 operating rooms 
and those with threatening obstructions stayed across 
the street at the Bolton Square Hotel. As soon as we 
had a cancellation in our daily work they were immedi- 
ately admitted and operated on. 

I used to arrive at the Cleveland Clinic around 7 
o'clock in the morning. One day, one of the residents 
told me that a patient, in whom a previous cine coro- 
nary angiogram showed a subtotal occlusion in the 
proximal segment of a large anterior descending artery, 
was in trouble at the Bolton Square Hotel. We quickly 
went to see him and found that at around 6 a.m. he had 
developed severe chest pain that had lasted for approxi- 
mately half an hour. It was very clear that he had suf- 
fered an acute myocardial infarction. He was sweating, 
with typical dusky color in his fingers because of poor 
peripheral circulation; he was dyspneic (the lungs were 
full of rales) and hypotensive. The electrocardiogram 
confirmed an anterolateral myocardial injury. 

I ran to Bio and asked Mason for permission to oper- 
ate (he had performed the cineangiogram). As usual he 
was concerned, because he respected and loved his pa- 
tients. I explained in detail the principal major experi- 
mental contributions in the literature and that I did not 
consider my suggestion an adventure; I thought there 
was already enough evidence accumulated to favor the 
use of the coronary bypass graft as the solution to this 
problem. On the other hand, we knew from the cinean- 
giogram that this patient was in the middle of a large 
anterolateral myocardial infarction. Even if he survived, 
he would lose a significant portion of the left ventricle. 
Mason finally agreed. 

I rushed the patient to the operating room and the 
whole team moved quickly. He was anesthetized in a 
few minutes. I opened the chest and, as was the case 
many times in emergency operations, the patient was 
cannulated in a few minutes. When we opened the peri- 
cardium, the anterolateral wall of the left ventricle did 
not contract, and it had a bluish color. A vent on the left 
ventricle through the left atrium was mandatory to de- 
compress the heart. The operation went smoothly. As 
soon as we finished the proximal anastomosis, red oxy- 
genated blood went to the anterior descending coronary 
artery and its branches, the anterolateral wall started to 
contract and, after approximately 25 minutes of support 
with the heart-lung machine, the patient was off bypass. 
The blood pressure improved and remained within nor- 
mal limits. The next day he was extubated and had an 
uneventful recuperation. He was restudied within 10 
days and the cine left ventriculogram demonstrated a 
small, localized area of deterioration on the anterolater- 
al wall. The left ventricular end-diastolic pressure was 
normal. This was indeed a gratifying experience. 

We published the first paper in The American Jour- 
nal of Cardiology,” where we reported 18 impending 
infarctions and 11 acute infarctions. In one of the con- 
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clusions we said: “When operations are performed with- 
in 6 hours of an acute myocardial infarction most of the 
heart muscle can be preserved.” It still surprises me to- 
day—only 11 patients were operated on. We concluded: 
“Cardiovascular surgeons are at the threshold of a more 
aggressive surgical approach in the treatment of pa- 
tients with acute coronary insufficiency. Further clinical 
experience will be necessary to substantiate the views 
presented here.” 

When I wrote the monograph in 1970,'4 in the chap- 
ter dedicated to this subject I predicted: “Personally, I 
do hope that in the future, patients with acute myocar- 
dial infarction will be treated in the same way as those 
patients with a “dead leg” from acute thrombosis or 
embolization of the peripheral circulation are now treat- 
ed. Those patients are admitted under the direction of a 
combined surgical and medical team. Emergency angi- 
ography is performed and surgical intervention is rou- 
tinely performed, with total recovery in a significant 
number of them. Further clinical experience will be nec- 
essary te substantiate this point of view.” This has be- 
come a reality in some patients with the introduction of 
fibrinolytic agents in combination with surgery or angi- 
oplasty in the acute or subacute phase of a myocardial 
infarction. 

5. In December, I performed a double bypass to the 
right coronary artery and anterior descending branch of 
the left coronary artery, thus opening the door to multi- 
ple bypass approaches in patients with multiple vessel 
obstructions. It is worth mentioning that I had previous- 
ly done a double reconstruction with the interposed 
technique in March 1968 (see page 54 of reference 
14).!4 

I summarized the advances we made in the operative 
technique in a paper accepted for publication in The 
Journal of Thoracic and Cardiovascular Surgery in 
December 1968.'* By the end of that year, the largest 
series of patients in the world (171) had been accu- 
mulated. 


1969 TO 1970 

In 1969 we gained more confidence as the promising 
results, from continuous observation, of long-term sur- 
vival, were compiled by Sheldon et al??? in detail, with 
effort and dedication. The excellent contributions by 
Milwaukee’s Johnson et al,?4+?’ showing that bypasses 
could be placed in the distal segments of the coronary 
artery distribution, widened the scope of indications for 
coronary bypass surgery. 

By December 1969, we had operated on 570 patients 
and this surgical experience was presented at the Sixth 
Annual Meeting of the Society of Thoracic Surgeons in 
Atlanta.** For the first time we reported that the coro- 
nary arteries—mainly the anterior descending artery— 
could occasionally be found inside the myocardial mus- 
cle, and described the proper technique to overcome the 
problem. As is customary in our work, we learned this 
lesson by suffering in the operating room. I will never 
forget the day when I could not find the coronary arter- 
ies that were clearly visualized in the cineangiogram. I 
called Mason, showed him the heart (we were already 
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in total bypass), and told him that I could not see the 
coronary arteries and that perhaps he had given me a 
different cine study. He refused to accept my sugges- 
tion. Together we went to review the film again (we had 
a Tage-Arno in a small room close to the surgical 
suites), and he was right. I went back and was able to 
perform only a bypass to the very distal segment of the 
anterior descending branch. The patient died 48 hours 
later because the flow through the vein was unable to 
perfuse the entire left coronary distribution, highly com- 
promised by proximal obstructions. The autopsy (I used 
to perform my own dissection) demonstrated, to my sur- 
prise, that the coronary arteries (left anterior descend- 
ing and circumflex branches) were inside the muscle. 
The high price we paid was worthwhile. From then on 
we could solve the problem with an adequate operative 
approach. In the same presentation we emphasized for 
the first time the need for magnifying lenses to perform 
good distal anastomoses in small coronary arteries (we 
were applying them even in arteries of 1-mm diameter). 
The overall mortality rate, including all the combined 
procedures, was 5.4%. It is interesting to note that 50% 
of the patients received single or double mammary im- 
plants. It was hard for us to stop using Vineberg’s tech- 
nique because of our previous clinical experience with it. 
Careful reading of the cineangiogram helped us com- 
bine the direct and indirect approach. During the dis- 
cussion after the presentation, surgeons were still con- 
cerned with the problem of late thrombosis, mainly with 
aneurysm dilatation. By June 1970, 1,086 bypasses 
were performed with an overall mortality rate of 4.2% 
(see page 110 of reference 28). 

I read our next presentation at the Fifth Annual 
Meeting of the American Association for Thoracic Sur- 
gery in Washington in April 1970.7? It concerned the 
application of the coronary bypass technique to the left 
coronary artery and its divisions. We insisted upon the 
use of magnifying lenses and the “non-touch tech- 
nique”—that is, no dissection of the coronary arteries 
was needed to perform the distal anastomosis: the peri- 
cardium was cut on top by a number 15 bistoury blade 
before the artery was opened. As a consequence, the 
stitches (we were using interrupted sutures) incorporat- 
ed the epicardium and some of the subepicardial fat, a 
very important detail that surprised the hundreds of vis- 
itors at the Cleveland Clinic. 

Once again, intramuscular coronary arteries were 
discussed. More distal anastomoses were performed and 
for the first time we demonstrated that even totally oc- 
cluded vessels were reconnected. The use of cephalic or 
basilic arm veins as an alternative when the saphenous 
vein was not available was also discussed. Eleven cardio- 
vascular centers contributed to the discussion and it was 
very pleasing to see the growth of coronary bypass sur- 
gery. There was a steady decrease in the number of 
combined single and double internal mammary implan- 
tations as a direct consequence of the growth of multi- 
ple bypass surgery. By August 1970,” 196 patients had 
undergone double, triple and quadruple grafts, with a 
4.1% hospital mortality rate (see page 482 of reference 
29). 


After Sawyer et al’s contribution,’ we performed in 
1970 some endarterectomies with the use of carbon di- 
oxide, mainly in the right coronary artery, to find that, 
with the simple mechanical method used before, we ob- 
tained similar results, as was reported by Groves et al.*! 

In the same year, as a consequence of the superb 
work developed by New York’s Green et al,*? I started 
using the direct mammary coronary anastomosis. I 
talked to Green on several occasions and he told me 
that I would need over 100 hours in the laboratory to 
learn how to use the microscope (that is the way he did 
the anastomosis). I thought that this approach would 
never popularize mammary coronary anastomosis and 
decided to dissect the left mammary artery and connect 
it to the anterior descending artery with the routine in- 
terrupted suture technique, with only the help of the 
lenses that we used in our daily work. I enlarged the 
indication to the diagonal and circumflex branches. Af- 
ter I left the Cleveland Clinic in 1971, Loop et alè? em- 
phasized and standardized this method and demon- 
strated the excellent results on long-term follow-up.*4 

My book, “Surgical Treatment of Coronary Arterio- 
sclerosis,” 13 which was highlighted by Effler’s introduc- 
tion, appeared that same year. I analyzed all the experi- 
ence gained at the Cleveland Clinic. The chapters on 
the anatomy of the coronary arteries and the interpreta- 
tion of the different projections of the cine coronary an- 
giogram were very helpful, mainly to our surgical col- 
leagues, as testified to by the comments and the innu- 
merable letters I received. 

Finally, the VI World Congress of Cardiology was 
held at the Royal Festival Hall and Queen Elizabeth 
Hall in London during 1970. I was invited to partic- 
ipate in a symposium dedicated to coronary artery sur- 
gery with Drs. Ray Heimbecker, Arthur Vineberg and 
Charles Friedberg. The organizing committee gave us 
one of the smallest rooms. Cardiac adrenergic mecha- 
nisms were discussed at the same time in the main audi- 
torium. I felt from the very beginning of the Congress 
the tremendous interest our session had aroused among 
the participants, a fact which was confirmed when I ar- 
rived an hour early to organize all my slides. The room 
was already packed by hundreds of doctors, occupying 
all the seats, some sitting in the central aisle on the 
floor, and others standing against the lateral walls. 
When we were on the podium, ready to start, the doors 
were closed, and I saw Paul Dudley White standing just 
in front of us. I thought: “How come that nobody 
leaves a seat to him, such an outstanding and human- 
istic physician who, together with Ignacio Chavez from 
Mexico, was the first to set the foundations of cardiolo- 
gy early in the forties?” 

The first speaker, Dr. Heimbecker, started his pre- 
sentation, and at the same time we could clearly hear 
the loud voices of the doctors who were complaining 
because they had been unable to enter the auditorium. 
The lateral doors finally crushed because of the pressure 
from outside and innumerable physicians jumped into 
the room. Somebody was able to protect the fragile 
body of Paul Dudley White. It was impossible to go on 
with the session. The Secretary of the Congress talked 
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to us and finally told the audience that we would repeat 
the symposium at 6 o’clock. We knew in advance that it 
would be impossible, because a discussion cannot be re- 
peated and anyway Friedberg was traveling back to 
America that same evening. However, the Secretary’s 
words calmed the audience down and the roundtable 
recommenced. Dr. Heimbecker presented his work on 
resection of acute myocardial infarction, Vineberg sum- 
marized his experience, and finally Friedberg and I dis- 
cussed coronary artery bypass graft surgery. Charlie 
was an outstanding speaker who knew how to sprinkle 
his statements with good humor. He started by saying: 
“These cardiac surgeons are unique. When the heart 
has a hole they close it, when the heart doesn’t have a 
hole they open one.” We all laughed at his comments, 
but when I presented the number of procedures per- 
formed at the Cleveland Clinic and the perioperative 
mortality rate, Charlie voiced some doubts about “such 
a low mortality,” which was difficult for him to accept. 
I flared up and invited anybody who wished to go to the 


Cleveland Clinic to check our files. In fact, some physi- ` 


cians did visit us on their way back to their native coun- 
tries and were able to confirm the honest work per- 
formed at our institution. 

At the same time Donald Ross invited me to per- 
form some operations at the National Heart Hospital in 
London. I agreed and the first coronary bypasses were 
performed in England with his help. Some of the out- 
standing cardiovascular surgeons from Europe watched 
the surgeries from behind us, almost on top of our 
shoulders. I have to confess that I felt a tremendous 
responsibility and still remember the first operation, 
when, after opening the right coronary artery and plac- 
ing the first stitch, which I had left on the operative 
field, the sister (a scrub nurse) pulled it off and tore the 
vessel. I prolonged the incision further distally and was 
able to solve the problem. Of course, I told the sister: 
“Please, don’t touch anything else on the operative 
field.” During that week, at noon, we went to a pub 
opposite the hospital, where we exchanged knowledge 
and friendship. 


MY RETURN HOME 

During my stay at the Cleveland Clinic I went back 
to my home country for short periods of time. I partici- 
pated in national cardiology meetings and also per- 
formed some operations in 2 hospitals in Buenos Aires. 
A large delegation from Argentina attended the World 
Congress in London and, once more, many colleagues 
asked me to return home. From then on I gave serious 
thought to this matter and finally considered that my 
work and my duties in the United States were no longer 
needed. We had trained many capable fellows who 
would be able to continue the job. And a tremendous 
challenge stood in front of me, in the south. 

In October 1970, late in the afternoon, I sat down 
and wrote my letter of resignation to Effler. It was a 
very difficult moment for me because I loved the place 
where I was working and the family that we had built 
up in the Cardiology and Cardiovascular Department. I 
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closed the envelope with tears in my eyes and left it on 
Effler’s desk. I went home. I confess that I could not 
control myself and cried while driving through the 
beautiful roads that took me to Pepper Pike, where I 
had lived since 1966. Effler wrote back accepting my 
decision, “because I know that your roots have always 
been in Argentina.” We had a long talk a few days 
later. I told him I had great faith in Loop and Chean- 
vechai, two outstanding fellows in our Department, and 
promised him that I would dedicate the rest of my time 
at the Cleveland Clinic to polishing them from the other 
side of the table. They performed most of my operations 
with dexterity and completed a successful training. 

My big problem was Mason. It was impossible for 
him to accept that I would break our common work and 
brotherhood. Repeatedly he tried to convince me of my 
“mistake.” The last 3 months were dreadful. Even 
though I may look like a strong and commanding sur- 
geon, deep in my soul I am an extremely sensitive fel- 
low. Everywhere I went in the Clinic, staff members of 
different departments, the nurses, the technicians, ev- 
erybody, interrupted my work and asked me to stay. 
Finally I decided to escape. I told everybody I was leav- 
ing at the end of June or the beginning of July but ac- 
cepted an invitation to lecture in Boston in the middle of 
June and from that meeting we went straight to Argen- 
tina. Only my secretary, Candice, a lovely young lady, 
knew may secret, and she was brave enough to keep it. I 
wrote letters to Effler and Sones. Donald accepted my 
decision, which “avoided a painful good-bye or fare- 
well.” Mason, once again, thought I was crazy. 

I left an important part of my life at the Cleveland 
Clinic. I only know I worked hard in a friendly and 
clean atmosphere. But my departure was not a farewell. 
Since then I go back as frequently as I can. When the 
plane is landing in Cleveland I know I am back home. 
The most important trip was 4 weeks before Mason 
died. I had learnt through a telephone conversation with 
his secretary that he was in very bad shape, talked to 
Maria, and decided we would go and spend a weekend 
with him. It was a very difficult decision to make. I do 
not know where I got so much strength from. On Friday 
and Saturday we reminisced together, recalling anec- 
dotes from our common work, mainly a long trip to Eu- 
rope with our wives. During 3 weeks we had given lec- 
tures at different hospitals in France, Italy and Spain. 
On that occasion we went by car (I had rented a station 
wagon) from Marseille to Verona and I think Mason 
was in direct communication with nature for the first 
time. It was the end of summer. He was amazed by the 
wheat prairies, the corn fields, the green valleys, the 
vineyards and the fruit trees. We ate delicate home- 
made food and drank wine in small villages. This giant 
of modern cardiology was bathed by the sun in the mid- 
dle of nowhere instead of by the lamps of the cardiac 
laboratory where he spent all his life. 

These memories brought us happiness until Sunday, 
when we spent the last moments alone. Finally we em- 
braced, cried together and said good-bye for the last 
time in this world. He died on August 29, 1985. I will 


X 
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always thank God for having given me the opportunity 
to share with Mason many years of common work, un- 
derstanding and deep friendship. 

Final comments: I have summarized the contribu- 
tions to myocardial revascularization performed at the 
Cleveland Clinic. I apologize for writing so often in the 
first person because I believe in team work and never 
claim any priority. Knowledge acquired in medicine is 
the result of the efforts of many contributors through- 
out the years. In coronary surgery it started in 1910 
with the experimental work done by Alexis Carrel (see 
Table II of reference 1). 

In 1971 I learned through direct communication 
from Effler of Garrett’s first successful operation. In 
November 1964 he was trying to perform a patch repair 
of a localized obstruction on the anterior descending 
branch of the left coronary artery with the assistance of 
Drs. S. Pitzele, M.K. Neugebauer and L.C.C. Zanger, 
and he decided to perform a saphenous vein graft by- 
pass because of some complications. 

We suggested that he locate the patient, restudy him 
and publish the case, because if the vein was open, as it 
was, we would have the longer demonstration of a pat- 
ent graft.’ Nevertheless, I think I must honestly re- 
mark that, when the publication appeared in 1973, 
thousands of operations had already been done in Cleve- 
land, in other centers in the United States, and even 
abroad. 

Personally, I think the most gratifying aspect of my 
career refers to teaching: the deep rewarding feeling 
that comes from sharing what we have accumulated 
through many years of hard work, mainly with residents 
and fellows. This is the main reason why I came back to 
Argentina. 

Some other time I hope to be able to write of what 
followed my departure from the Cleveland Clinic. 
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EDITORIALS 


Atrial isomerism in the Heterotaxy Syndromes 
with Asplenia, or Polysplenia, or Normally 
Formed Spleen: An Erroneous Concept 


Richard Van Praagh, MD, and Stella Van Praagh, MD 


syndromes’ with asplenia, or polysplenia, or oc- 
casionally with a normally formed spleen is ana- 
tomically erroneous’: 

First, a case with a morphologically right atrium bi- 
laterally—that is, with bilateral inferior venae cavae, bi- 
lateral superior venae cavae, bilateral coronary sinus 
ostia, bilateral septa secunda, and bilateral pyramid- 
shaped appendages—has never been documented. 

Second, a case with a morphologically left atrium 
bilaterally—that is, with four pulmonary veins bilateral- 
ly, septum primum bilaterally, and finger-like atrial ap- 
pendages bilaterally—has likewise never been docu- 
mented. 

The concept of isomerism of the atrial appendages 
in the heterotaxy syndromes is also anatomically er- 
roneous: 

First, in studies of >100 postmortem cases of the 
heterotaxy syndromes,?"'! we found that 1 appendage is 
often much larger and more anterior than the other. 
Because of differences in size and in anteroposterior lo- 
cation, the atrial appendages in the heterotaxy syn- 
dromes are not mirror-images, accurately speaking; that 
is, the appendages are not isomers. 

Second, in addition to being anatomically erroneous 
(as aforementioned), the concept of atrial appendage 
isomerism is conceptually flawed. Partial isomerism—of 
the atrial appendages only, but not of the atria as a 
whole—is a contradiction in terms. Either isomerism 
applies to a whole structure—such as to a whole mole- 
cule or to a whole cardiac chamber—or it does not ap- 
ply at all. D-glucose and L-glucose would not be iso- 
mers if only several hydroxyl groups were mirror-im- 
ages. D-glucose and L-glucose are isomers because 
these molecules are complete (not partial) mirror-im- 
ages of each other. Similarly, it would make no sense to 
talk about isomerism of the ventricular inflow tracts 
only, or of the ventricular outflow tracts only. Either the 
ventricles as a whole are isomers, or they are not. The 
same principle applies to the atria. Either isomerism ap- 
plies to the atria as a whole (which it clearly does not, 
as was noted at the outset), or isomerism does not apply 
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to the atria at all—because partial mirror-imagery does 
not equal isomerism. 

Consequently, the concept of isomerism of the atrial 
appendages is considered to be erroneous both anatomi- 
cally and conceptually. This realization is important be- 
cause it opens the way to the possibility of diagnosing 
the atrial situs in the heterotaxy syndromes. Conven- 
tionally, such cases have been considered to have atrial 
“situs ambiguus.” We now realize that this designation 
simply means that the atrial situs is undiagnosed. 

Diagnosis of atrial situs in heterotaxy syndromes: 
A review of 109 cases of the heterotaxy syndromes!®!! 
revealed that the atrial situs can be diagnosed in the 
majority of such cases, based on the following consider- 
ations. 

It is generally accepted that the atrium into which 
the major horn of the sinus venosus (the right horn in 
situs solitus, the left horn in situs inversus) is incorporat- 
ed is the morphologically right atrium.' The right horn 
of the sinus venosus includes the orifices of the inferior 
vena cava, the superior vena cava, and the smooth atrial 
wall between them. The coronary sinus, which repre- 
sents the minor horn of the sinus venosus (the left horn 
in situs solitus, the right horn in situs inversus), normal- 
ly opens into the sinus venosus component of the mor- 
phologically right atrium. Hence, the atrium that re- 
ceives the inferior vena cava, the superior vena cava, 
and the ostium of the coronary sinus is the morphologi- 
cally right atrium. 

When the inferior vena cava is interrupted, its supra- 
hepatic segment is always present. When this suprahe- 
patic segment receives all the hepatic veins, it almost 
always connects with the morphologically right atrium. 
Occasionally, 1 of the hepatic veins may drain separate- 
ly into the coronary sinus. If the coronary sinus is un- 
roofed (absence of the coronary sinus septum), this sep- 
arate hepatic vein may appear to drain directly into the 
left atrium. In this situation, other criteria, such as the 
connections of the pulmonary veins or the sizes and po- 
sitions of the atrial appendages, may help to identify the 
morphologically right atrium. 

We also found’-!! that some or all of the pulmonary 
veins may drain into the right atrium because of malpo- 
sition of the septum primum. We found that the pulmo- 
nary veins were connected normally, but that the sep- 
tum primum was located abnormally. Hence, when all 
of the systemic veins and some or all of the pulmonary 
veins drain into 1 atrium—which is not a common atri- 


um because another small atrium is present—this large 
atrium contains the morphologically right atrium. 

Until recently, we thought that an uninterrupted in- 
ferior vena cava always connected directly with the 
morphologically right atrium and hence could be used 
as a marker for the diagnosis of atrial situs.? Now, how- 
ever, we are aware of a case in which a noninterrupted, 
left-sided, small inferior vena cava connected with a 
normally roofed coronary sinus, and drained through 
this coronary sinus into a right-sided morphologically 
right atrium.'° This inferior vena cava received only 1 
hepatic vein. All of the other hepatic veins formed a 
larger venous confluence that connected directly with 
the right atrium. This case made us realize that it is 
possible for the inferior vena cava to connect with the 
coronary sinus and then to drain into the morphologi- 
cally left atrium through an unroofed coronary sinus, 
leading to an erroneous diagnosis of the atrial situs. In 
such cases, the sizes and positions of the atrial append- 
ages and the connections of the pulmonary veins help to 
determine the correct atrial situs.!9!! 

The morphologically right atrium was considered to 
be the atrium that received: (1) all of the systemic veins, 
while a separate atrium received all of the pulmonary 
veins; or (2) all of the systemic veins and some or all of 
the pulmonary veins, without being a common atrium 
because a second atrium is present; or (3) the orifice of 
a normal coronary sinus. Additional criteria for the 
identification of the morphologically right atrium, based 
on these studies,”~'! concern the size and anteroposte- 
rior location of the appendages: the morphologically 
right atrial appendage usually is larger and more anteri- 
or than the morphologically left atrial appendage. 

The morphologically left atrium was the atrium that 
received: (1) all or half of the pulmonary veins and none 
of the systemic veins—except for a persistent superior 
vena Cava associated with an unroofed coronary sinus in 
cases with bilateral superior venae cavae; or (2) none of 
the pulmonary veins and none of the systemic veins. Ad- 
ditional criteria for the identification of the morpho- 
logically left atrium, based on the findings in these 
Studies, HJ" were that the left atrial appendage usually 
is smaller and more posterior than the right atrial ap- 
pendage. 

Success rates in the diagnosis of atrial situs: With 
the aforementioned venous criteria (1 to 3 for the right 
atrium, 1 and 2 for the left atrium), it was possible to 
diagnose the atrial situs in'®!!: (1) all 46 postmortem 
cases of the polysplenia syndrome (100%); (2) 21 of the 
58 postmortem cases of the asplenia syndrome (36%); 
and (3) 1 of the 5 postmortem cases of the heterotaxy 
syndrome with a single, right-sided spleen (20%). 

When the appendage criteria (size and anteroposte- 
rior position) were also taken into consideration, then it 
was possible to diagnose the atrial situs in: (1) 47 of the 
58 cases of asplenia (81%); and (2) all of the single 
right-sided spleen cases (100%). 

In the remaining 11 cases of the asplenia syndrome, 
- the inferior vena cava, and the larger and more anterior 
atrial appendage, were contralateral. In these patients, 





we could not be certain which criterion (venous or ap- 
pendage) was more reliable concerning the diagnosis of 
the atrial situs; hence, we made the diagnosis of atrial 
situs ambiguus in these cases.!! 

Success rates in the diagnosis of the types of atrial 
situs in living patients with the heterotaxy syndromes 
may not be as high, at least initially, as is now possible 
in postmortem cases. Current methods of echocardiog- 
raphy do not always permit accurate evaluation of the 
size, shape and position of the atrial appendages.!! It is 
hoped that other methods, such as magnetic resonance 
imaging, may facilitate more precise evaluation of the 
atrial appendages, thereby increasing diagnostic accura- 
cy in living patients. 

Why are the atrial appendages similar in the het- 
erotaxy syndromes? If the atrial appendages are not 
isomers, why then are they so similar: both rightish with 
asplenia, and both leftish with polysplenia?!-> The type 
of similar atrial appendages (rightish or leftish) is so 
consistent that it usually indicates with accuracy the 
type of heterotaxy syndrome that is present (asplenia or 
polysplenia, respectively). We hypothesize!? that the 
shapes of the atrial appendages are related to hemody- 
namics in utero. The atrial appendages both are derived 
from the primitive atrium and at horizon 17 (34 to 36 
days of age), both atrial appendages have a very similar 
shape!®; both look quite “right.” However, by horizon 
22 (44 to 46 days of age), the characteristic differences 
in the shapes of the atrial appendages have normally 
begun to appear.!° Therefore the question is: why do the 
atrial appendages normally acquire such distinctive and 
different shapes'? from about 6 weeks of age onward? 

In the normal heart,'? the inferior vena caval blood 
stream enters the right atrium from below and flows 
into the right atrial appendage, distending it. The supe- 
rior vena caval blood stream flows down behind the 
right atrial appendage and through the tricuspid valve, 
not distending the right atrial appendage. Part of the 
inferior vena caval blood stream passes through the fo- 
ramen ovale into the left atrium and flows behind the 
left atrial appendage through the mitral valve, not dis- 
tending the left atrial appendage. Normally, therefore, 
the right atrial appendage is distended (triangular and 
relatively large), whereas the left atrial appendage is 
undistended (finger-like and relatively small).!3 

In the asplenia syndrome,'*!> the inferior vena cava 
is not interrupted and may enter the atrial part of the 
heart either to the right or to the left. Often there are 1 
or more large contralateral hepatic veins (entering on 
the side opposite to that of the inferior vena cava). The 
atrial septum is very defective in association with com- 
mon atrioventricular canal. Consequently, the entering 
venous blood streams coming from below can flow into 
both atrial appendages, distending both. Hence, in the 
asplenia syndrome, both atrial appendages are distend- 
ed and consequently both appear rightish. 

In the polysplenia syndrome,?> the inferior vena 
cava is typically interrupted. Thus, the systemic venous 
return from below is reduced to that of the hepatic 
veins. Hence, the atrial appendage opposite the hepatic 
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venous confluence (the suprahepatic segment of the in- 
ferior vena cava) is not as dilated as it normally is. The 
inferior vena caval stream returns through an enlarged 
azygos vein to a superior vena cava and then flows 
downward through the atrial cavity behind the atrial 
appendage(s) and through the atrioventricular valve(s) 
into the ventricular part of the heart—not distending 
either atrial appendage. Consequently, in the polysple- 
nia syndrome, both atrial appendages are relatively un- 
distended and hence appear leftish. 

Thus, it is readily possible to understand the similar 
appearance of the atrial appendages in the heterotaxy 
syndromes on a hemodynamic basis,'? rather than in- 
voking the concept of isomerism. The definition of isom- 
erism (mirror imagery) is right-left reversal, without an- 
teroposterior or superoinferior change. As noted hereto- 
fore, isomerism cannot explain the anatomic findings 
related to the atrial appendages in the heterotaxy syn- 
dromes because of the marked variations in the sizes of 
the right- and left-sided appendages, and because of the 
variations in the anteroposterior positions of these ap- 
pendages, both of which do not conform to the defini- 
tion of isomerism. Just as each patient has only 1 mor- 
phologically right ventricle and 1 morphologically left 
ventricle, so too each patient has only 1 morphologically 
right atrium with only | morphologically right atrial ap- 
pendage, and only 1 morphologically left atrium with 
only 1 morphologically left atrial appendage. 

Why does isomerism not apply to the heart? The 
heart is organized initially as a cephalocaudally oriented 
blood vessel. Right-leftness is only acquired later, dur- 
ing the course of normal development, but is not present 
de novo in the embryo. By contrast, in other viscera, 
such as the lungs, right-left organization is present de 
novo, and isomerism appears to apply accurately to such 
organs. 

State of the spleen should not be ignored: Because 
of its clinical importance, the state of the spleen should 
not be ignored in diagnostic terminology. This is partic- 
ularly true in the asplenia syndrome, in view of the ne- 
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cessity of life-long antibiotic prophylaxis in such pa- 
tients. 
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Statistical Significance of Veterans 
Administration Vasodilator Heart 
Failure Trial Results 


Jay N. Cohn, MD 


observed in the Veterans Administration Vasodi- 

lator Heart Failure Trial (V-HeFT) from hy- 
dralazine-isosorbide dinitrate treatment of heart failure! 
has been the subject of some controversy. Since this 
could impact on the mandate for vasodilator therapy of 
heart failure and on the design of subsequent trials, the 
issue deserves further consideration. The urgency of this 
reconsideration has been hastened by the August article 
regarding the Studies of Left Ventricular Dysfunction 
(SOLVD) protocol,? in which an unfortunate typo- 
graphical error identified the p value for V-HeFT as 
0.93 rather than 0.093. 

V-HeFT had 3 treatment arms: placebo, hydrala- 
zine-nitrate or prazosin added to digoxin and diuretics. 
The study was designed to compare placebo with com- 
bined vasodilator regimens if the results with the 2 
treatments were similar, or with the individual vasodila- 
tor regimens if they were not. A 2-tailed test of signifi- 
cance was chosen (although in retrospect a 1-tailed test 
would have been appropriate because we were not con- 
cerned with an adverse effect of vasodilators) and a log- 
rank mortality analysis was designated. 

It became apparent early to the Data Monitoring 
Committee—which remained blinded to the treatment 
arms—that 1 group was faring better than the others, 
and therefore all analyses performed compared individ- 
ual rather than combined treatment arms. Comparison 
of the overall placebo and hydralazine-isosorbide dini- 
trate survival curves at the end of the trial revealed a 
difference with a p value of 0.093 using the specified 
log-rank test. Using a generalized Wilcoxon test, which 
gives somewhat more weight to the early events, the p 
value was 0.046. Some slight adjustment upward of 
these p values would be appropriate because of 4 
“looks” at the data before termination of the study, but 
the magnitude of the adjustment would not be substan- 
tial because the stopping rules for the study before ter- 
mination were extremely stringent. Consideration also 
could be given to the 2 possible comparisons proposed— 
combined vasodilator groups versus placebo and hydral- 
azine-nitrate versus placebo—which might also impact 
on the significance of the p value. On the other hand, of 
course, a l-sided test would have halved the p value. 


T he statistical significance of the mortality reduction 
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The 2-year mortality also was designated in advance 
as an end point for the study, because it was anticipated 
that a positive treatment effect might wane over time as 
high-risk patients, perhaps kept alive by the treatment, 
could contribute to a progressively higher late mortality 
in the treatment group. Furthermore, comparison of 
survival curves in modest-sized studies usually includes 
adjustment for baseline differences between the treat- 
ment groups of variables that are shown in the trial to 
be related to survival. This adjustment requires model- 
ing of the data using a Cox life-table regression model, 
which closely fit the data in V-HeFT. This modeling of 
the data with adjustment for baseline differences re- 
vealed an overall mortality reduction from hydralazine- 
isosorbide dinitrate of 28% (95% confidence interval 3 
to 46%) and a 2-year mortality reduction of 34% (95% 
confidence interval 4 to 54%, p = 0.028).° 

It is appropriate to compare this somewhat “border- 
line” statistical significance in V-HeFT with the promi- 
nent (p <0.01) statistical significance of the mortality 
reduction observed with enalapril treatment in the Co- 
operative North Scandinavian Enalapril Survival Study 
(CONSENSUS).* V-HeFT and CONSENSUS exhib- 
ited a similar percent mortality reduction at 1 year 
(Figure 1). The statistical significance of CONSEN- 
SUS—which indicates not the magnitude of the effect 
but rather the confidence in the effect being real—is 
related to the high death rate in this very sick popula- 
tion with class IV heart failure. Another important sta- 
tistical difference is that CONSENSUS chose 1-year 
mortality as an end point, whereas V-HeFT opted for a 
longer study design. Indeed, the p value for a favorable 
effect of hydralazine-isosorbide dinitrate after 1 year in 
V-HeFT was 0.031, a significantly positive effect if re- 
duction of 1-year mortality had been a prestudy goal. 

The mortality reduction achieved with propranolol 
therapy in a postmyocardial infarction population in the 
Beta Blocker Heart Attack Trial (BHAT) is shown in 
Figure 1.° The percent mortality reduction is similar to 
that in V-HeFT and CONSENSUS, but the efficiency 
of the treatment (i.e., the number of patients saved for 
every 100 treated as reflected by the absolute difference 
in height of the placebo and active treatment bars) is 
very low in the BHAT and remarkably high in the heart 
failure trials. Clearly it requires many more patients to 
demonstrate with some confidence a favorable effect of 
a treatment in a low-risk population. 

The importance of the statistical power generated by 
such very large studies is dependent on the treatment 
one is studying and the implications one wants to draw 
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FIGURE 1. Comparison of 1-year mortality in the Veterans 
Administration Vasodilator Heart Failure Trial (V-HeFT), Co- 
operative North Scandinavian Enalapril Study (CONSENSUS) 
and Beta Blocker Heart Attack Trial (BHAT). E = enalapril; H- 
N = hydralazine and isosorbide dinitrate; P = placebo; Pr = 
propranolol. 


from the study. If patient care is the concern, then mor- 
tality effects of a treatment must be considered in con- 
cert with its other actions. If the treatment is likely to 
exert an adverse effect on some aspect of quality of 
life—as propranolol may have in some postmyocardial 
infarction patients—then great confidence in the mor- 
tality reduction should be required and identification of 
the subset at greatest risk should be attempted before 
the treatment is administered. If, however, the therapy 
is relatively inexpensive and safe and known to affect 
favorably some manifestations of the disease—as is true 
with hydralazine-isosorbide treatment of heart failure— 
then a favorable trend in mortality may be all that is 
needed to decide that the therapy should be included in 
the management of the disease. It thus seems immateri- 
al in V-HeFT if the chance is 1 in 10 or 1 in 20 that the 
mortality difference has occurred by chance. Certainly, 
the likelihood is far greater that the vasodilator regimen 
did prolong life and that the therapy therefore should 
be administered to, rather than withheld from, patients 
with heart failure. 

On the other hand, if the issue is a regulatory deci- 
sion to approve a treatment for mortality reduction or it 
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is the ethics of embarking on another placebo-controlled 
trial, there is room for disagreement. Scientific disci- 
pline has promulgated insistence on a chance occur- 
rence of <1 in 20 times to establish firmly a therapeutic 
principle. To the extent that statistical disciplinarians 
may be unwilling to accept the borderline significance 
of V-HeFT as proof of efficacy on survival, other trials 
may be initiated. SOLVD was undertaken to address 
the effect of enalapril on survival in patients with left 
ventricular dysfunction with or without symptoms of 
heart failure. But out of deference to the V-HeFT data, 
symptomatic patients were allowed to enter SOLVD 
while receiving vasodilators other than converting en- 
zyme inhibitors. 

These considerations remind all of us that the inter- 
pretation of large-scale clinical trials is at least as com- 
plicated as planning them and carrying them out. It is 
important to keep in mind that trials are conducted to 
improve the precision of our clinical management. The 
more complicated the disease process—and heart fail- 
ure is certainly complex—the more therapeutic options 
there are and the more difficult it is to prove the benefit 
of any one. V-HeFT and CONSENSUS have provided 
critical new insights that bear on mechanisms as well as 
on mortality. SOLVD, V-HeFT II and other studies to 
come will hopefully add important new information that 
should further our goal to define the optimal therapeu- 
tic approach to heart failure. 


REFERENCES 

1. Cohn JN, Archibald DG, Ziesche S, Franciosa JA, Harston WE, Tristani FE, 
Dunkman WB, Jacobs W, Francis GS, Flohr KH, Goldman S, Cobb FR, Shah 
PM, Saunders R, Fletcher RD, Loeb HS, Hughes VC, Baker B. Effect of vasodi- 
lator therapy on mortality in chronic congestive heart failure. Results of a Veter- 
ans Administration Cooperative Study (V-HeFT). N Engl J Med 1986;314: 
1547-1552. 

2. The SOLVD Investigators. Studies of left ventricular dysfunction (SOLVD)— 
rationale, design, and methods: two trials that evaluate the effect of enalapril in 
patients with reduced ejection fraction. Am J Cardiol 1990;66:315-322. 

3. Cohn JN, Archibald DG, Francis GS, Ziesche S, Franciosa JA, Harston WE, 
Tristani FE, Dunkman WB, Jacobs W, Flohr KH, Goldman S, Cobb FR, Shah 
PM, Saunders R, Fletcher RD, Loeb HS, Hughes VC, Baker B. Veterans Admin- 
istration Cooperative Study on vasodilator therapy of heart failure: influence of 
prerandomization variables on the reduction of mortality by treatment with hy- 
dralazine and isosorbide dinitrate. Circulation 1987;75:IV-49-IV-54. 

4. The CONSENSUS Trial Study Group: Effects of enalapril on mortality in 
severe congestive heart failure. New Engl J Med 1987;316:1429-1435. 

5. Beta Blocker Heart Attack Trial Research Group. A randomized trial of 
propranolol in patients with acute myocardial infarction. 1. Mortality results. 
JAMA 1982;242:1707-1714. 


BE PET KR P PPR ett age Béier KEN wea, ` A 3 
d i d ` i 





BRIEF REPORTS 


Transient Electrocardiographic Changes of Elective Coronary 
Angioplasty Compared with Evolutionary Changes of Subsequent 
Acute Myocardial Infarction Observed with Continuous 


Three-Lead Monitoring 


Nancy B. Wagner, BA, W. Jeffrey Elias, BA, Mitchell W. Krucoff, MD, Dorina C. Sevilla, MD, 
Yvette R. Jackson, RN, Kenneth K. Kent, MD, and Galen S. Wagner, MD 


he current use of continuous multilead monitoring 

with high-resolution digital systems! during clinical- 
ly unstable situations has greatly augmented the versatili- 
ty of the electrocardiogram. A recent study? of patients 
undergoing elective percutaneous transluminal coronary 
angioplasty (PTCA) reported multilead patterns of peak 
ST-segment elevation and depression that were repro- 
duced by later reocclusion of the same coronary site. In 
related work 27 detailed quantitative analyses of dynamic 
changes in the QRS complex and ST segment during 
PTCA-induced ischemia were presented in the most ac- 
tive lead of each patient. Occasionally an acute myocardi- 
al infarction (AMI) develops spontaneously in the hours 
after an elective PTCA. Use of continuous electrocardio- 
graphic monitoring would facilitate comparisons between 
the dynamic changes of the “controlled” ischemic period 
during the PTCA and the spontaneous ischemic period of 
the AMI by using each patient as his own baseline. Such 
information may provide a more complete understanding 
of the evolution of the acute ischemic process. Using 
continuous 3-lead monitoring in 4 carefully selected pa- 
tients with elective PTCA who subsequently developed 
AMI, this study quantitates and compares dynamic char- 
acteristics of the ST segment occurring during both isch- 
emic events. 

The records of all patients with continuous 3-lead 
monitoring during elective 1-vessel PTCA and in the 24- 
hour period after the procedure at Georgetown Universi- 
ty Hospital during 1984 to 1986 were reviewed (n = 
512). Of these, 35 patients had documented enzymatic 
evidence of AMI during the monitoring session. These 35 
records were examined in detail for inclusion in this 
study, which required: (1) a baseline standard 12-lead 
electrocardiogram obtained before PTCA with no ven- 
tricular hypertrophy, bundle branch block, fascicular 
block or paced rhythm; (2) no attempted reperfusion 
during the evolving AMI; (3) continuous monitoring of 
>= 2 electrocardiographic leads during the 24-hour peri- 
od, inclusive of both the PTCA and the AMI, including 
the lead that would be expected to have the most ST- 
segment activity’; and (4) a stable standard 12-lead elec- 
trocardiogram after the monitoring session and before 
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hospital discharge. The final study group consisted of 4 
patients: 1 with angiographic left anterior descending 
occlusion and 3 with right coronary occlusion. 

Electrocardiographic monitoring was performed us- 
ing a Scole Alta II 3-channel precalibrated Holter AM 
recorder. Before PTCA, radiolucent leads were posi- 
tioned on the patients in the anteroposterior (V2), left-to- 
right (Vs) and inferosuperior (aVF) configurations.’ 
Playback analysis was performed retrospectively on a 
digitizing Marquette 8000 Holter analysis system inter- 
faced to a DEC PDP 11/34 minicomputer. 

Based on prior studies it had been demonstrated 
that the electrocardiographic lead that showed the 
most ST-segment activity during the monitoring session 
would be lead V; for patients with left anterior descend- 
ing occlusion, and lead aVF for those with right coronary 
occlusion. Accordingly, only these “most active” leads 
were evaluated in detail for each occlusion site. Manual 
measurements of the ST segments were performed at the 
J point to the nearest 0.5 mm at sequential intervals, 
defined specifically later. 

The balloon inflation that produced the greatest ST- 
segment deviation in the most active lead (“maximum 
PTCA ST”) was identified for each patient, and its du- 
ration was noted. The duration of this period of con- 
trolled ischemia was not uniform for all patients because 
the lengths of the dilatations varied. The ST-segment 
deviation was measured at 10-second intervals through- 
out the duration of the balloon occlusion. 

A high-resolution ST-segment trend of the most ac- 
tive lead during the entire monitoring session was com- 
puter-generated for each patient by plotting the mean ST 
level from every 15 seconds of acquired data over time. 
Combined with the clinical history and the electrocar- 
diographic records, these trends were valuable in helping 
to detect onset and duration of the AMI for each patient. 
AMI “onset” was defined as the time after PTCA at 
which the trend recording revealed an ST-segment devi- 
ation of 20.5 mm in the most active lead, which persist- 
ed and successively worsened. Such changes may or may 
not have been accompanied by chest pain. AMI “dura- 
tion” was defined as the interval from AMI onset to the 
time at which the ST-segment deviation was observed to 
have resolved to a steady state at or approaching the 
baseline level. Observations on the ST trends were al- 
ways corroborated by manual review of the electrocar- 
diographic records. 

To discern whether the ST-segment changes of AMI 
occurred at the same rate and had a similar pattern as 
those induced by the controlled coronary occlusion of 
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TABLE I Transient Versus Evolutionary ST Changes 


Maximum 


PTCA STA Acute Infarct 


Onset 


After PTCA Duration 


Coronary Duration 


. Artery Inflation (sec) Hours Minutes Hours Minutes 


LAD = left anterior descending; PTCA = percutaneous transluminal coronary an- 
gioplasty; STA = ST-segment change. 


PTCA, the records oj the earliest seconds of the AMI 
onset that corresponded in time to the length of maxi- 
mum PTCA ST segment were isolated for comparison. 
The AMI ST-segment deviation was quantified at 10- 
second intervals and matched to the measurements of 
maximum PTCA ST segment that had been performed 
previously (see above). 

To determine the ischemic changes that evolved dur- 
ing the subsequent infarction process, ST-segment devi- 
ation was additionally measured at the initial 10-minute 
marker after AMI onset and at sequential 10-minute 


ST DEVIATION (mm) 





FIGURE 1. The dynamic changes of the ST segment during 
percutaneous transluminal coronary angioplasty (PTCA) and 
acute myocardial infarction (AMI) in a patient with right occlu- 
sion (lead aVF). Top left, the length of the inflation that pro- 
duced “maximum PTCA ST” deviation in 10-second intervals 
from control (C), inflation (0) to 100 seconds. The bold line 
represents the magnitude of ST change throughout this infla- 
tion; top right, magnitude of ST change seen in the earliest 
discernible corresponding seconds of the AMI “onset” as 
measured in PTCA-matched 10-second intervals; bottom 
quantifies the ST change during the length of the AMI begin- 
ning at the initial 10-minute marker and continuing at sequen- 
tial 10-minute intervals. The bold line depicts the dynamic ST- 
segment changes as the AMI evolves and eventually reaches a 
“steady state” at or approaching the baseline ST level. Elec- 
trocardiograms obtained from the continuous records at se- 
lected intervals illustrate the changes that occur with AMI. 
Lead aVF is shown. 
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intervals throughout the duration of the AMI. This 
analysis made it possible to depict the continuum of ST- 
segment change by using each patient as his own control. 

The Selvester QRS scoring system’ was applied to 
the standard baseline electrocardiogram that had been 
taken before PTCA to determine the extent of infarction, 
if any, which existed before the procedure, and to the 
stable predischarge electrocardiogram to determine the 
total amount of infarction. Any difference between the 
standard and the predischarge sizes would be expected 
to reflect the amount of left ventricular AMI that had 
occurred in the left ventricle during the monitoring 
session. 

Of the 4 patients who met the rigorous criteria for 
inclusion in this study, 3 received right (patients 1 to 3) 
and I left (patient 4) anterior descending coronary artery 
PTCA (Table I). The period of inflation that produced 
maximal PTCA ST-segment deviation had a mean du- 
ration of 75.5 seconds (range 55 to 98). The subsequent 
AMI onsets varied between 10 and 19 hours after the 
conclusion of PTCA, and the AMI durations ranged 
from 1.5 to 4 hours. 

In 2 of the 3 patients with right occlusion, the electro- 
cardiogram showed initial ST depression during PTCA, 
which was quickly replaced by elevation. In 1 of these 
patients, minor ST-segment depression was evident dur- 
ing the corresponding seconds of the AMI (Figure 1), 
and in the other there was only ST elevation during the 
AMI (Figure 3). In 2 of the 3 patients with right occlu- 
sion (Figures 2 and 3), both the pattern and extent of 
ST-segment elevation seen during PTCA was nearly 
identical to that observed during the same time sequence 
of the AMI. Although the 1 patient with left anterior 
descending occlusion (Figure 4) had ST elevation during 
both ischemic events, there was marked elevation during 
the PTCA but only minimal change during the corre- 
sponding seconds of the AMI. 

The ischemic changes during the developing AMI 
process were compared among the patients. Only patient 
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FIGURE 2. See description of Figure 1. 
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SECONDS 
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FIGURE 3. See description of Figure 1. 


1 had ST-segment depression throughout the earliest 
seconds of the AMI, and this continued to an even greater 
extent in the following minutes. Patients 2 to 4 experi- 
enced ST-segment elevation in the initial seconds of their 
AMI, which successively increased and peaked in magni- 
tude between 10 and 30 minutes after AMI onset. Patient 
3 appeared to have an “extension” of the ischemic pro- 
cess, with a second peak of ST-segment elevation occur- 
ring late (100 to 130 minutes). 

The 4 patients experienced varying amounts of QRS- 
estimated AMI during the monitoring session involving 
0, 3, 12 and 15% of their left ventricles. The patient with 
only ST-segment depression developed no QRS evidence 
of AMI (Figure 1), whereas the patient whose electro- 
cardiographic record suggested “extension” had the 
greatest amount of AMI (Figure 3). 

The patients included in this study were culled from 
over 500 persons who were monitored continuously for 
12,000 hours during both an elective PTCA and the suc- 
cessive 24 hours. Of the 35 patients with enzymatic evi- 
dence of AMI after the procedure, only 4 satisfied the 
other rigorous criteria required for inclusion in this study. 
These meticulously selected patients by chance demon- 
strated diverse ST-segment variability and, while not a 
statistical force, may help to direct future investigations. 
A significant weakness of this study is the inability to 
determine whether the AMI that occurs within hours of a 
PTCA is representative of an AMI that occurs “natural- 
ly.” A great advantage of this study is the ability to 
compare the transient ST changes due to PTCA with 
those during the corresponding initial seconds of the sub- 
sequent AMI using each patient as his own control. 

Krucoff et al? observed a change in direction of the 
ST-segment deviation during elective PTCA in approxi- 
mately 15% of patients. This has been corroborated by 
other investigators who found that the degree of retro- 
grade flow from collaterals affects both the extent® and 
the direction? of ST-segment deviation. The dynamic na- 





ture of collateral support has also been described.'° In the 
present study, collateral flow may explain the transient 
initial ST depression seen during PTCA in patient 1 
(Figure 1) and during the subsequent AMI. This is per- 
haps due to a pathophysiologic process such as an intimal 
flap, coronary spasm, or platelet/thrombus formation 
causing only subtotally occluded anterograde flow. Either 
persistent collateral support, or a “trickle” of anterograde 
flow, may have prevented the ST elevation of epicardial 
injury. 

The transient total occlusion of a vessel during PTCA 
is often observed to produce a rapid increase in the ST 
segments because of a total absence of local coronary 
flow. A spontaneous AMI, which was initiated by abrupt 
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FIGURE 4. See description of Figure 1, except lead V2 is 
shown for this patient with left anterior descending occlusion. 
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occlusion of a vessel, also would likely show a similar 
initial increase in the ST segments. As the AMI evolved, 
sustained closure of the vessel would show either a pro- 
longed period of “plateau” ST elevation or a period of 
gradually increasing ST-segment change. Such ST-seg- 
ment activity was observed in patient 2. The persistence 
of the occlusion beyond 60 seconds during the AMI even- 
tually caused a doubling of the extent of the ST elevation 
that occurred during PTCA (Figure 2). 

A plateau followed by a second peak of ST elevation 
has been associated with recurrent creatine kinase-MB 
increase,'' thus suggesting AMI extension. The initial 
peak of ST-segment elevation seen in patient 3 (Figure 3) 
is followed by an interval of sudden but partial ST recov- 
ery, and then a second ST peak and recovery period, 
representing early AMI extension. Monitoring of isch- 
emia may lead to redefinition of AMI extension, previ- 
ously thought to occur only after the first 24 hours when 
both electrocardiographic and enzymatic indexes had 
stabilized. 

It might be expected that both magnitude and time 
course of ST-segment elevation during PTCA would be 
the same as that which occurs during the corresponding 
initial seconds of a spontaneously occurring AMI. In- 
deed, in 2 patients in the present study, such changes were 
nearly identical (Figures 2 and 3). However, for patient 4, 
the ST magnitude during the first seconds of the AMI 
was markedly less than that observed during the PTCA. 
It was not until 30 minutes into the infarction process 
(Figure 4) that maximum ST elevation of PTCA was 
attained. Clearly observable in this patient was the ST 
“fingerprint” pattern? of the PTCA, which was repeated 
during the 10- to 30-minute period of the AMI. 

In the 3 patients in the present study with ST-segment 
elevation early during AMI (Figures 2 to 4), the maximal 
change was attained between 10 and 30 minutes. This 
peak was then followed by a rapid decline to a plateau 
similar to that observed in other studies.'!:!* These data 
suggest that the peak ef ST activity either occurs much 
earlier than has been commonly accepted, or that an 
AMI that occurs within hours after PTCA is not repre- 
sentative of a truly spontaneous event. Similarly, it was 
surprising that 3 of 4 patients “completed” AMI within 
approximately 90 minutes after its onset (Table I), attrib- 
utable perhaps to the relatively small sizes of these AMIs 
(0 to 12%). The single patient (Figure 3) who had the 
typical longer time course of 4 hours also experienced 
probable AMI extension of the largest size (15%). 

Even this small series of patients demonstrates that 
there are a variety of sequential electrocardiographic 


1512 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 66 





egen EE E SRF RSE NER IIS ET ER EE TLS al ERT SP BRO EE Ee? 
Gi UR Os aap iB AN i ET kl Eer 
RE NGF Tee EA ES LE RO Ty de e A Wee ANE IP TEN Ee A A : Ke ! oY - rays i 





manifestations of AMI, most of which mimic the changes 
occurring during PTCA. These range from ST-segment 
depression, to ST elevation that requires a prolonged 
period of time to reach the level achieved almost immedi- 
ately during PTCA, to ST elevation that quickly attains 
the level observed during PTCA and then either resolves 
or progresses to higher levels. These nonuniform patterns 
of change suggest the presence of pathophysiologic pro- 
cesses that are different from the ideal model of the 
sudden complete occlusion of PTCA. Widespread use of 
continuous, multilead electrocardiographic monitoring, 
together with the growing population of patients under- 
going therapy, provides the potential for further docu- 
mentation of the electrocardiographic manifestations of 
AMI in humans. 
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Long-Term Clinical and Angiographic Follow-Up of Percutaneous 
Transluminal Coronary Angioplasty in Patients >65 Years of Age 


Carlos Macaya, MD, Fernando Alfonso, MD, Andres Iñiguez, MD, and Pedro Zarco, MD 


T he expansion of percutaneous transluminal coronary 
angioplasty (PTCA) indications affects different 
subsets of patients including elderly patients (age 265 
years).! PTCA provides an attractive revascularization 
technique compared with coronary bypass surgery, par- 
ticularly in elderly patients.*~* The initial outcome of 
PTCA in this population is well established,’ and the 
clinical follow-up of elderly people subjected to PTCA 
has been reported recently.* Nevertheless, no systematic 
information exists regarding the angiographic changes 
and, in particular, the restenosis rate of PTCA performed 
in elderly people. This report evaluates the clinical long- 
term results and especially the angiographic follow-up of 
PTCA in patients aged 265 years. 

From March 1985 to July 1988, 145 consecutive pa- 
tients aged =65 years underwent PTCA at our institu- 
tion. They represented the 29% of our total PTCA popu- 
lation during that period. The remaining 355 patients 
<65 years who had dilatation were used as a control 
group. Elderly patients underwent 183 PTCAs (38 
[20%] as repeat procedures) in the treatment of 223 
lesions. Patients <65 years had 414 PTCAs (59 [14%] 
as repeat procedures) in an attempt to dilate 484 lesions. 
Different clinical, angiographic and procedural vari- 
ables were prospectively entered into a computer data- 
base when PTCA was completed. Unstable angina was 
defined according to the National, Heart, Lung, and 
Blood Institute PTCA Registry criteria.’ Only lesions 
with =75% of luminal narrowing were considered for 
dilatation. Lesion morphology was independently deter- 
mined by 2 experienced observers who subsequently 
reached a consensus in case of disagreement. Primary 
angiographic success was defined as a residual stenosis 
<50% of luminal narrowing and PTCA success as angi- 
ographic success at least in the culprit lesion in the 
absence of any major complication. Clinical follow-up 
information was obtained in an outpatient clinic specifi- 
cally created with this aim during visits at 0.5, 3, 6 to 9 
months and every year thereafter. In every visit, symp- 
tomatic status and adherence to medication was assessed 
and an exercise test was performed. This information 
was also added to the database when obtained. To assess 
the angiographic long-term results after PTCA, we fol- 
lowed a prospective protocol that included a repeat coro- 
nary angiogram at 6 to 9 months, even for asymptomatic 
patients unless clinical indications suggested it to be 
done early. Restenosis was defined when 21 of the le- 
sions had a recurrence in luminal narrowing =50%. Sta- 
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tistical analysis was performed with Student's t test and 
the chi-square or Fisher's exact test to compare continu- 
ous and categoric variables, respectively. A stepwise lo- 
gistic regression analysis was used to determine if age 
>65 years was independently associated with a higher 
restenosis rate. A p value <0.05 was considered signifi- 
cant. 

Clinical baseline characteristics in the 2 groups are 
compared in Table I. The reason for PTCA was different 
in the 2 groups, and elderly patients had a higher inci- 
dence of angina but less frequently underwent PTCA 
after an acute myocardial infarction. PTCAs were per- 
formed at the time of initial cardiac catheterization in 28 
and 29% (difference not significant) and as an emergency 
procedure in 11 and 10% of elderly and young patients, 
respectively. Ejection fraction was similar in both groups 
(62 + 14 vs 63 13%), but elderly patients presented a 
higher incidence of multivessel disease (50 vs 33%, p 
<0.001) and had lesions more frequently located in the 
left anterior descending coronary artery (59 vs 48%, p 
<0.05). Lesion morphology in both groups is shown in 
Figure 1. A complete revascularization was achieved ina 
higher percentage of patients <65 years (72 vs 56%, p 
<0.001). PTCA success and major complications were 
similar in both groups and are listed in Table II. Of the 
160 successful PTCAs in elderly patients, 142 (89%) had 
angiographic follow-up 7 + 1 month after PTCA. Alter- 
natively, of the 355 successful PTCAs in patients <65 
years, 326 (92%) had a control angiogram available 7 + 
2 months after PTCA. Restenosis rate was higher after 
PTCA in elderly patients (59 [42%] vs 97 [30%], p 
<0.05), but age was not independently related to reste- 
nosis on multivariate analysis. However, other clinical 
variables, such as diabetes (p <0.005) and unstable an- 
gina (p = 0.05), and anatomic variables, such as left 


TABLE I Clinical Baseline Characteristics 


>65 Years <65Years pValue 


Patients 145 355 

Age (years) 71+5 54+8 
Male /female 100/45 326/29 
Systemic hypertension* 78 (54%) 135 (38%) 
Cigarette smoking 77 (53%) 284(80%) 
56 (39%) 121 (34%) 
38 (26%) 50 (14%) 
59 (41%) 142 (40%) 
91 (63%) 177 (50%) 
12 (8%) 76 (21%) 


Hypercholesterolemiat 
Diabetes mellitus 


Previous myocardial infarction 
Unstable angina 
Acute myocardial infarction* 


* Blood pressure >170/95 mm Hg. 

t Total cholesterol >250 mg/dl. 

+ Patients with acute myocardial infarction are not included in the group with 
previous myocardial infarction. 

NS = not significant. 
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anterior descending coronary artery location (p <0.05) 
and lesion length (p <0.05), were independently associ- 
ated with restenosis. Clinical follow-up in elderly pa- 
tients was 27 + 11 months. During this time 4 (3%) 
patients died, 6 (4%) underwent coronary artery bypass 
surgery and 42 required repeat PTCA. When the repeat 
PTCA was considered as an integral part of the PTCA 
strategy and was not considered an untoward event, at 
last clinical follow-up 113 patients (78%) with success- 
ful dilatation eventually remained asymptomatic and 
event free. 

Previous reports have demonstrated the safety and 
effectiveness of PTCA in elderly people with results simi- 
lar to those obtained in younger patients. The increased 
morbidity and mortality of surgery in this age group has 
lead to the widespread use of PTCA as an attractive 
alternative in elderly patients even in the presence of 
multivessel disease.! Recently, Simpfendorfer et al* re- 
ported that the long-term clinical follow-up is also favor- 
able in patients 270 years old. In that study, when repeat 


TABLE Il Results and Complications After PTCA 


>65 Years <65 Years 


Primary angiographic 197/223(88%) 434/484(89%) NS 
success 

PTCA success 

AMI 

Emergency CABG 


Death* 


160/183 (87%) 
5 (2.8%) 

0(0%) 

2(1%) 


355/414(86%) NS 
14 (3.4%) 

2 (0.6%) 

3 (0.8%) 


* Total mortality during hospital admission for PTCA (including noncardiac deaths). 


AMI = acute myocardial infarction related to G = coronary artery 
bypass grafting; NS = not significant; PTCA = percutaneous transluminal coronary 
angioplasty. 
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FIGURE 1. Lesion 
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sions located at bifur- 
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PTCA was excluded as an event, >70% of patients who 
underwent PTCA for stable or unstable angina survived 
24 years without myocardial infarction or the need for 
bypass surgery. Our study confirms not only that PTCA 
provides a favorable early outcome, but also that if repeat 
PTCA is considered as an integral part of the PTCA 
strategy, most elderly patients (78%) remain asymptom- 
atic in the follow-up. In addition, our study provides new 
information concerning the angiographic follow-up of 
these patients. With a high angiographic follow-up avail- 
able, our results suggest that restenosis in this age group is 
higher than that found in younger patients. However, our 
elderly population presented a higher incidence of both 
clinical and angiographic factors (including unstable an- 
gina, diabetes, multivessel disease, left anterior descend- 
ing coronary artery location and long lesions) that in- 
crease the likelihood of developing restenosis. In fact, 
when these variables were taken into account the resteno- 
sis rate for elderly and young patients was similar. These 
results emphasize the importance of accurately stratify- 
ing elderly candidates for PTCA according to baseline 
clinical and angiographic characteristics, so that patients 
at higher risk of restenosis, who will require a closer 
follow-up, will be readily identified. 
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Insurance Reimbursement for Preventive Cardiology Services 
Diane Rosenbaum, PhD, Samuel S. Gidding, MD, Lisa C. Bookstein, MS, RD, 


and Stephanie Weaver, MPH 


n recent years, there has been an increase in programs 

that teach children and families healthier lifestyle 
habits. These emphasize nutrition and exercise to prevent 
the onset of coronary artery disease. However, although 2 
studies have examined life insurance eligibility of chil- 
dren with congenital cardiovascular disease,'* no study 
as yet examines whether insurance companies will pro- 
vide reimbursement to families for evaluation and treat- 
ment of risk factors for coronary artery disease. Typical- 
ly, many insurance companies do not provide for well 
child-care or for nutrition counseling, though these ser- 
vices have definite health benefits. This may deter physi- 
cians from recommending preventive programs for their 
patients and may deter families from seeking preventive 
care. This study determines the degree to which insur- 
ance companies reimbursed families for an initial evalua- 
tion for cardiovascular risk and for a 1-year intervention 
program. We also asked whether children with familial 
hypercholesterolemia would be more likely to receive in- 
surance reimbursement than would families with other 
types of hyperlipidemia. 

The investigators contacted all 101 families who had 
initial intake evaluations (Table I) in the Preventive 
Cardiology Program from October 1987 through Febru- 
ary 1989, including 40 families who enrolled in a 6- 
month small-group intervention program (Table I). 
Each of these families had =1 child suspected to be at 
high risk for the development of coronary artery disease. 
Families were asked whether they applied for health 
insurance, whether they had met their deductible and 
how much the insurance company reimbursed them for 
both intake and intervention. The families’ reported lev- 
els of reimbursement were verified against hospital bill- 
ing records. 

When families received no insurance coverage, they 
were categorized according to whether the insurance 
company refused reimbursement, whether they had ac- 
tually applied for insurance or whether they had met 
their deductible. Reimbursed patients were also catego- 
rized according to the level of reimbursement. Fisher's 
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exact test and frequency distributions were used to fur- 
ther analyze the data set. 

Phone contacts and verification of hospital billing 
records were available for 72 (71%) of the 101 intake 
families and for 34 (85%) of the 40 families who subse- 
quently enrolled in the intervention program. Diagnoses 
of the 72 intake patients included familial hypercholes- 
terolemia in 14, other lipid abnormalities in 53, and 
normal lipids with other risk factors in 5. Of the 72 
intake families contacted, 45 (63%) received some insur- 
ance coverage. Of those covered, 41 received 50 to 100% 
reimbursement. Medicaid provided payment for 6 (8%). 
Insurance companies denied reimbursement for the in- 
take program to 16 (22%). The 5 families who paid for 
the intake program did so either because they did not 
apply for reimbursement (n = 4) or had not met their 
deductible (n = 1) (Table IJ). 

Insurance companies were also willing to reimburse 
for the intervention program provided by a dietician, 
health educator and psychologist. Of the 34 families, 23 
(67%) received some insurance reimbursement. Of those 
23 families who received reimbursement, 19 received 50 
to 100% reimbursement. An additional 2 (6%) were cov- 
ered by Medicaid, and 2 (6%) paid for the intervention 
program, not having applied for insurance reimburse- 
ment. Insurance reimbursement was denied to 7 (21%) of 
the 34 intervention families (Table II). 


TABLE I Intake and Intervention 
Initial Evaluation for Cardiovascular Risk (Intake) 


Physician consultation (1% hour) 

Nutrition evaluation (1 hour by RD) 

Behavior modification (44 hour by MPH or PhD) 

Lipid studies, biochemical and anthropometric measurements of 
growth and nutrition 

Cost: $195.000 


One-Year Program to Lower Cardiovascular Risk (Intervention) 


4 small-group sessions (2 hours, each led by RD and MPH) 

1 behavior modification small-group session (1% hours led by PhD) 

4 nutrition consults with individual family (4-1 hour led by RD) 

1 behavior modification consultation with individual family (1 hour with 
PhD) 

Cost: $500.00 


All costs cover the evaluation and treatment of up to 4 people, 2 parents and 2 
children. 
MPH = health educator; PhD = psychologist; RD = dietician. 
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No. of families 72 

Insurance-reimbursed families (%) 45 (63) 23 (67) 
13 (18) 3 (9) 
28 (39) 16 (47) 


100% (includes HMO) 

>50% 

<50% 4 (6) 4 (12) 
Medicaid (%) 6 (8) 2 (6) 
Self-pay (%) 5 (7) 2 (6) 

Had not met deductible 1 (1) O (0) 

Did not apply for insurance 4 (6) 2 (6) 


Insurance denied (%) 16 (22) 7 (21) 


HMO = health maintenance organization. 


There was a trend toward better reimbursement for 
intake patients with familial hypercholesterolemia than 
for other lipid abnormalities, with a greater proportion 
of families with familial hypercholesterolemia receiving 
reimbursement than for intake families without familial 
hypercholesterolemia (91 vs 69%, p = 0.11). This trend 
was not found for the intervention families. 

There was great heterogeneity in level and type of 
insurance coverage for both intake and intervention fam- 
ilies. Fifty-one intake families reported 18 different 
rates of insurance coverage ranging from 28 to 100%. 
The mode for coverage was 80%, with 19 (41%) receiving 
this level of coverage. Thirteen families (28%) received 
100% coverage; about half (n = 6) were participants in a 
health maintenance organization. All health mainte- 
nance organization patients received full coverage. Only 
I patient's policy expressly based reimbursement on an 
abnormal cholesterol level. For the 22 intervention pa- 
tients who received reimbursement, 10 different rates of 
coverage ranging from 30 to 100% were reported. The 
modal coverage was 80%, with 9 of 22 (41%) receiving 
this level of coverage. Only 3 of 22 (14%) received 100% 
coverage, and 2 of these were health maintenance organi- 
zation participants. In addition to variation in the rate 
of coverage, there was a significant variation in the de- 
ductible. 

This study shows that most patients seen at a tertiary 
center for evaluation and treatment of hyperlipidemia 
received some insurance coverage. Given that the current 
recommended treatment for most hyperlipidemic chil- 
dren is dietary therapy, it is heartening that most families 
received some reimbursement for a dietary approach to 
therapy.*-* Nutrition education programs are essential for 
families with unsatisfactory diets, particularly when the 
parents themselves have previously untreated or unrecog- 
nized hyperlipidemia.° 
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Reimbursement may have been aided by individual 
staff letters to insurance companies recommending the 
intervention program for treatment of hyperlipidemia 
rather than for prevention of coronary artery disease for 
patients whose insurance companies initially denied reim- 
bursement. The rate of reimbursement may have been 
improved by the hospital-based setting and billing under 
the umbrella of cardiology. Had the dietician and psy- 
chologist/health educator provided care in a private of- 
fice or under their own disciplines, reimbursement for 
these same services may have been denied. Also, we do 
not know how many patients did not schedule interven- 
tion appointments because of a priori knowledge that 
insurance would not cover bills. 

Type of insurance coverage for families was greatly 
diverse and lacked a consistent policy with regard to 
coverage of hyperlipidemia therapy. The ambiguous na- 
ture of current medical insurance leads to higher admin- 
istrative costs for hospitals and stress for families caught 
between an insurance company whose policy is ambigu- 
ous and a hospital anxious for reimbursement. 

New economic forces on the horizon may impact both 
positively and negatively on reimbursement for nutrition- 
al counselors and treatment of hyperlipidemia. Reim- 
bursement policies vary from state to state, as well 
as from policy to policy. Value-related reimbursement 
scales presumably will place a higher value on the time- 
intensive counseling required for hyperlipidemia treat- 
ment. National guidelines for nutrition therapy will pro- 
vide a solid background for treatment recommendations, 
particularly if they are focused on a select high-risk 
group. However, if guidelines identify a large percentage 
of the population as high-risk, reimbursement might be 
compromised by an unwillingness to support the large 
manpower cost of this effort. Finally, hyperlipidemia pro- 
grams may be vulnerable to broad-based measures by 
third-party payers to cut health care costs on a national 
scale. 
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Prognostic Value of Junctional Recovery Times and Long-Time 
Follow-Up of Complete Atrioventricular Nodal Block at a Young Age 


* Fernando E.S. Cruz, MD, Roberto Bassan, MD, Luis H. Loyola, MD, Marcio Fagundes, MD, 


Roberto M.S. Sá, MD, Jacob Atié, MD, Paulo Alves, MD, and Ivan G. Maia, MD 


T he main purpose of clinical and electrophysiologic in- 
vestigation in patients having complete atrioventric- 
ular (AV) nodal block is to differentiate between 2 differ- 
ent heterogeneous groups!: one presenting with syncope 
or other bradycardia/tachycardia-related symptoms? 
and the asymptomatic group. The data available at the 
present time do not allow us to conclude which criteria is 
the best to distinguish the patient at risk for syncope in 
the latter group. Even when the site of block is in the 
proximal part of the His bundle’ with a good response to 
parasympathetic blockade? or to exercise,* the junctional 
rhythm may not be stable enough, and Adam-Stokes 
attacks may occur. Some investigators believe that life- 
expectancy in symptomatic patients can be good. How- 
ever, others have recognized that life-threatening ar- 
rhythmias may develop,’ and a prophylactic pacemaker 
should be implanted.*® 

This electrophysiologic investigation prospectively 
analyzes the prognostic value of the junctional recovery 
times in 15 young patients with complete AV nodal 
block. Twelve patients were women (mean age 21 years, 
range 5 months to 30 years). All patients were in New 
York Heart Association class I for dyspnea, except 1 
patient who had dyspnea during feeding, probably be- 
cause of the low heart rate considering his age (case 8). 
Retrospective history and electrocardiographic analyses 
allowed us to classify patients 3, 8, 9, 12, 14 and 15 as 
having congenital heart block. No previous documenta- 
tion was available from the other patients. No data con- 
cerning connective tissue disease were available in the 
mothers of any patient. Chagas disease was excluded in 
all patients. The protocol consisted of: (1) determination 
of the level of AV block by His bundle recordings; (2) 
right ventricular stimulation in the apex of the right 
ventricle during 30 seconds with cycle lengths of 750, 650 
and 550 followed by cessation of pacing to calculate the 
junctional and corrected junctional recovery times; (3) 
same stimulation protocol after administration of I or 
0.04 mg/kg of atropine intravenously; (4) analyses of 
>10 cycles after cessation of pacing and QRS morpholo- 
gy; and (5) follow-up every 6 months. 

The site of heart block was localized as proximal to 
the bundle of His, suggestive of AV nodal block in all 
patients. We found no linear correlation between the 
cycle length of the spontaneous escape rhythm and the 
junctional recovery times. In all patients the first pause 
was the longest one. Secondary pauses were not ob- 
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served. An inverse correlation between the pacing rate 
and the pause was found. The faster the pacing rate, the 
longer the pause was produced. Atropine shortened the 
junctional recovery times in all patients except patient 2. 
Control and atropine mean values for junctional recov- 
ery times and corrected junctional recovery times are 
listed in Table I. 

The follow-up period ranged from 23 to 78 months 
(mean 53 + 18). Three patients (cases 2, 3 and 13) 
became symptomatic during follow-up, at 12, 26 and 13 
months, respectively, after the electrophysiologic study. 
Patient 8 was the only symptomatic patient at the begin- 
ning of the study (heart failure). All 4 patients under- 
went implantation of a permanent pacemaker. Of the 
remaining 11 asymptomatic patients, 7 had at least I 
value of the junctional recovery times >2 times lower 
than the cycle length of the junctional escape rhythm 
(values between 260 and 860 ms). All 4 symptomatic 
patients had values of the corrected junctional recovery 
time >260 ms. Four of 11 asymptomatic patients also 
had corrected junctional recovery time >260 ms after 
administration of atropine (values between 260 and 860 
ms). Patients with and without symptoms did not differ 
in relation to age, control heart rate, junction and cor- 
rected junctional recovery time before and after atropine. 
Patient 2 had the longest corrected junctional recovery 
time (3,020 ms) and was the only one to develop syncope 
during follow-up. However, patients 5 and 9 had a very 
long corrected junctional recovery time after atropine 
(860 and 760 ms, respectively) and remained asymptom- 
atic. Patient 9 had 2 pregnancies without complications. 
All patients showed a permanent form of complete heart 
block in the follow-up. 

The effect of overdrive suppression on the subsidiary 
escape pacemaker has been the subject of several stud- 
ies.2-? Narula? found normal values of corrected junction- 
al recovery time after administration of atropine of >200 
ms. In asymptomatic patients the values were S200 ms. 
He suggested that the measurement of the junctional 
recovery times was a reliable method to recognize pa- 
tients at risk of syncopal attacks. Our results partially 
conflict with this assumption. All 4 symptomatic patients 
had abnormal corrected junctional recovery time after 
atropine, defined by Narula? as a value 2260 ms. How- 
ever, 4 of the 11 remaining asymptomatic patients also 
had an abnormal corrected junctional recovery time after 
atropine (sensitivity 100%, specificity 63% and predictive 
accuracy 73%). These results suggest that the junctional 
recovery time has a good predictive accuracy for identify- 
ing patients with complete AV nodal block who are at risk 
of developing symptoms. Otherwise, until now, 4 patients 
(with false-positive results) did not develop symptoms, 
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Spoflecting a poor specificity of this method (63%). In our 
d study, all patients had junctional recovery time =200 ms, 
E including the 11 asymptomatic patients. Similar results 
were found by Benson et al.!° We believe that the large 
spread of different values of junctional recovery times 
` reflects the unrelated correlation between grade of sub- 
sidiary pacemaker inhibition imposed by pacing over- 
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drive and symptoms developed. The spread values dem- 
onstrate the limitation of this test. 

Thus, there is no clear prognostic value in the finding: 
of an abnormal corrected junctional recovery time after 
administration of atropine. However, patients with values 
similar to our patient 2 should be considered an excep- 
tion. Because the incidence of syncope was relatively low 


Pacemaker Total 
Implant. Follow-Up 
(mos) (mos) 


Atropine 


SCL PCL JRT CJRT 


+ 202 
400 

+ 630 
470 

+730 


+195 +885 


= corrected junctional recovery time; Etiol. = etiology; FU = follow-up; Implant. = implantation; JRT = junctional recovery 


time; SCL = spontaneous cycle length of the junctional escape rhythm; PCL = paced cycle length. 
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and mortality was zero, treatment decisions should be 
based on clinical symptoms. 
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Seasonal Variation in Occurrence of Acute Atrial Fibrillation and 
Relation to Air Temperature and Sale of Alcohol 


Markku Kupari, MD, and Pekka Koskinen, MD 


trial fibrillation (AF) is the most common acute 
tachyarrhythmia encountered in everyday clinical 

practice. Although it may occur in healthy subjects, most 
cases are related to hypertensive, coronary or valvular 
heart disease, or to primary cardiomyopathy.' The fac- 
tors precipitating individual attacks are less well-studied, 
but include heavy use of alcohol.'? In a recent study of 
100 consecutive patients with new-onset AF,” we found 2 
to 3 times higher admission rates in winter than in sum- 
mer, suggesting seasonal variation in the triggering fac- 
tors. We therefore recorded the date of onset of acute AF 
in each patient presenting over the next year and studied 
the rate of the monthly admissions for AF in relation to 
ambient temperature and sale of alcohol in our area. 

A total of 286 patients (205 men and 81 women, aged 
<65 years [mean 51]) presented with acute-onset AF in 
the emergency department of Helsinki University Cen- 
tral Hospital between January 1 and December 31, 1986. 
Nine were unaware of the time their current arrhythmia 
had started and were excluded from the subsequent 
analyses. The number of all emergency admissions for 
medical reasons during the study year was 10,130. 

The mean monthly air temperatures in the city of 
Helsinki in 1986 (Figure 1) were obtained from the Insti- 
tute of Meteorology. The value of monthly sales of alco- 
hol in the area served by our hospital (Uusimaa prov- 
ince, population 1.1 million) was obtained, in retrospect, 
from statistics kept by The Finnish State Alcohol Com- 
pany, which holds a monopoly of trade in alcohol in 
Finland. These data (Figure 1) therefore cover all except 
tax-free sales in 1986. 

Admissions for acute AF (Figure 1) totaled 68 over 
the 4 warmest months (May to August), whereas the 
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rates were 109 and 102 during the first and last third of 
the year, respectively (chi-square 10.344, p = 0.006). 
During the same year, the number of all acute medical 
admissions was 3,120 from January through April, 
3,442 from May through August and 3,568 from Sep- 
tember through December (chi-square 31.68, p = 0.000). 
Time series analysis of the data (cross-correlation) veri- 
fied a linear inverse relation between the rate of admis- 
sions for AF and the mean monthly temperature at lag 0 
month (r = —0.68, p = 0.016). This correlation re- 
mained of practically equal magnitude even when the AF 
admission rate was calculated per 1,000 acute medical 
admissions in each respective month (r = —0.64, p = 
0.025). 

A linear regression model (y = c + ax; + bx2), with 
the number of admissions for AF as the dependent vari- 
able (y) and the mean monthly temperature and sale of 
alcohol as independent variables (x; and x2), was fitted 
to the data with the least-squares method. The fit was 
statistically significant (F = 8.18, p = 0.009), and the 
model explained two-thirds of the variation in the AF 
admission rate (multiple R? = 0.65). Standardized coef- 
ficients were —0.74 for the effect of temperature (p = 
0.004) and 0.44 for the effect of alcohol sale (p = 0.058). 

Although our study cannot prove any causal relations, 
it suggests that cold weather should be included among 
the factors promoting attacks of acute AF, at least in a 
middle-aged population. Exposure to cold increases sym- 
pathetic drive, peripheral arterial resistance, systolic 
blood pressure, central blood volume and ventricular fill- 
ing pressure.? These changes are notoriously capable of 
worsening myocardial ischemia and heart failure and 
they could increase left atrial distention and thus its pro- 
pensity to fibrillate even in other conditions.** Admitted- 
ly, indirect effects such as cold-induced aggravation of 
respiratory diseases, changes in living conditions, lifestyle 
and nutrition, and differences in occupational and leisure 
activities may also contribute. Seasonal variation in the 
incidence of cardiac arrhythmias has not been previously 
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FIGURE 1. The number of admissions for acute atrial fibrilla- 
tion (AF) per month, the value of monthly alcohol sales in mil- 
lions of Finnish marks (mFmk) and the mean monthly air tem- 
perature in degrees of Celsius from January to December 
1986. 


proposed, but there are scattered data to indicate that 
exposure to cold may precipitate ventricular dysrhyth- 
mias both in health and in disease "8 Epidemiologic stud- 
ies have shown that morbidity and mortality from coro- 
nary heart disease manifest seasonal variation with a 





peak in winter and a trough in summer in cold and tem- 
perate zones "7 This pattern is reminiscent of the one 
found in the present study, which suggests that the basic 
underlying mechanisms may be similar. 

Our investigation has certain limitations that should 
be considered in the interpretation of the data. The study 
was hospital-based and therefore the occurrence of 
asymptomatic or nonsustained episodes of AF could not 
be assessed. The data should be otherwise representative, 
however, because our hospital is by far the largest referral 
center in the province of Uusimaa and also because pa- 
tients contacting private doctors or community health 
centers for acute-onset tachyarrhythmias are, as a rule, 
sent to the hospital in our area. We could not ascertain 
whether the size of the population at risk remained con- 
stant throughout the study period. It is extremely unlike- 
ly, however, that changes in the population size could 
explain the variation in admissions for AF, because simi- 
lar variation was not found in the number of all emergen- 
cy admissions for medical reasons. In fact, the rate of all 
medical admissions was lowest in the first third of the 
year, when the number of admissions for AF was highest. 

The value of alcohol sales in our province was the only 
indicator available to us of monthly variation in alcohol 
consumption by the local population. It had a direct and 
temperature-independent linear relation to the rate of 
admissions for AF. Even though this association did not 
quite reach the conventional limit of statistical signifi- 
cance, and although the value of alcohol sale is not a 
perfect surrogate for the real volume of ethanol con- 
sumed, we think that these data are in reasonable harmo- 
ny with the concept of alcohol as a risk factor for AE 24 
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Risk Factors for Atrial Fibrillation After Coronary Artery Bypass 


Grafting 


Lance H. Crosby, RN, MS, W. Bradley Pifalo, MD, Kathleen R. Woll, RN, MS, 


and John A. Burkholder, MD 


trial fibrillation (AF) and other supraventricular 
tachyarrhythmias have been shown to occur in al- 
most 30% of patients who have undergone coronary ar- 
tery bypass grafting (CABG).!-> Causes may include 
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direct surgical trauma to the atrial conductive network, 
postoperative irritative pericarditis, abrupt 6-blocker 
withdrawal or inadequate atrial protection during cardio- 
pulmonary bypass.* Risk factor profiles for the develop- 
ment of AF after CABG have been compiled without a 
consistent pattern emerging.>° The purpose of this study 
was to evaluate possible contributing risk factors for the 
development of AF in a large cohort of patients immedi- 
ately after CABG. 








TABLE I Complications and Supraventricular 
Tachyarrhythmias 















Non-SVT p Value 


Total SVT (%) 


4(25) 12 NS* 














Previous CABG 16 


Pericarditis 31 8 (26) 23 NS 
Perioperative MI 45 4(29) 32 NS 
History of AF 25 7 (28) 18 NS 
Reexploration 12 4 (33) 8 NS 








* Not significant. 
AF = atrial fibrillation; CABG = coronary artery bypass grafting, MI = myocardial 
infarction: NS = not significant; SVT = supraventricular tachyarrhythmia. 


Prospective analysis of consecutive patients immedi- 
ately after elective CABG were studied. Patients under- 
going concomitant cardiac procedures such as left ven- 
tricular aneurysm resection, valve repair or replacement, 
septal defect repair, and so forth, were excluded before 
the study. Patients with preexisting valvular heart dis- 
ease or congestive heart failure also were excluded. The 
anesthetic and surgical techniques were similar for all 
patients. Patients who experienced an episode of sus- 
tained supraventricular tachyarrhythmias postopera- 
tively were grouped for study. Sustained supraventricu- 
lar tachyarrhythmias were defined as episodes lasting 
>30 seconds; however, most were persistent, necessi- 
tating antiarrhythmic therapy. All patients were main- 
tained on a heart rhythm monitor with arrhythmia de- 
tection capabilities for =5 postoperative days. The usual 
hospitalization period was 7 to 9 days. 

Patients who had postoperative complications such 
as perioperative Q-wave myocardial infarction, thoracic 
reexploration and clinical pericarditis were identified 
and analyzed separately. Clinical pericarditis was diag- 
nosed by an audible pericardial friction rub after the 
removal of all chest tubes, associated symptomatology 
and treatment with anti-inflammatory agents. Patients 
with a prior history of atrial dysrhythmias but normal 
sinus rhythm at the time of surgery or previous coronary 
revascularization were also evaluated separately. 

The remaining population was divided into the su- 
praventricular and nonsupraventricular tachyarrhyth- 
mia groups. Factors analyzed to detect differences be- 
tween groups were (1) preoperative characteristics: age, 
gender, history of myocardial infarction; and (2) opera- 
tive characteristics: number of grafts, aortic cross-clamp 
time, creatine kinase peak, hemoglobin and hematocrit 
on the third postoperative day and complications during 
and after surgery. 

The study data were analyzed with descriptive statis- 
tics including mean + standard deviation, and frequency 
distributions. Student’s t and chi-square Statistics were 
used to test the statistical significance of group dif- 
ferences. 

The hospital course of 418 consecutive patients ad- 
mitted for elective CABG were followed. Sustained post- 
operative supraventricular tachyarrhythmias occurred 
in 122 patients (29%). Of these, AF occurred in 85 % (n= 
104), followed by undefined in 9% (n = 11) and atrial 
flutter in 6% (n = 7). Reviewing this group for incidence 
of supraventricular tachyarrhythmias and the following 
conditions—previous CABG, history of preoperative 
AF, clinical pericarditis and perioperative myocardial 


TABLE Il Operative Characteristics 


Groups 


Supraventricular 
Tachyarrhythmia 
(n = 86) 


40 (16) 


Nonsupraventricular 
Tachyarrhythmia 
(n = 205) 


Aortic cross 41 (13)* 
clamp time 
(minutes) 


10(1) 9 (2) 


Hemoglobin 
(g/dl)t 
Hematocrit 

(%)* 
Creatine kinase 763 (607) 
(U/ml) 


No. of bypasses 


29 (3) 27 (5) 


877 (824) 


2.5(1) 2.5(1) 
* standard deviation. 

t Third postoperative day. 

NS = not significant. 





infarction—we found that there were no statistical dif- 
ferences between or among conditions (Table I). After 
controlling for these conditions, 291 subjects remained. 
The incidence of supraventricular tachyarrhythmias in 
this group of 291 subjects was identical to that of the 
original 418 patients at 29% (n = 86). 

The preoperative medications were studied in 152 
patients: 66 were taking a B blocker that was discontin- 
ued the day of surgery and not reinstituted after surgery 
unless for the control of supraventricular tachyarrhyth- 
mias. Although the incidence of sustained supraventric- 
ular tachyarrhythmias was greater than that in other 
groups at 36% (n = 24), it was not significant. 

The number of grafts, aortic cross-clamp time, cre- 
atine kinase peak, hemoglobin and hematocrit on the 
third postoperative day were nearly equivalent in both 
the supraventricular tachyarrhythmia and nonsupraven- 
tricular tachyarrhythmia groups (Table II). The his- 
tory of a preoperative Q-wave myocardial infarction also 
did not impact the onset of supraventricular tachyar- 
rhythmias. 

These dysrhythmias were distributed equally among 
men and women. Age proved to be a statistically sig- 
nificant risk for the development of supraventricular 
tachyarrhythmias in these patients. The age for all sub- 
jects with a supraventricular tachyarrhythmia was mean 
+ standard deviation 65 + 8 years, whereas the age for 
the nonsupraventricular tachyarrhythmia group was 61 
+ 11 years (p <0.001). 

There was a consistent incidence of AF among all 
subgroups. Previous studies of supraventricular tachyar- 
rhythmia after CABG have excluded these complications 
as causes contributing to AF. It was surprising that these 
complications, even the most severe cases of pericarditis 
in which patients developed clinical symptoms requiring 
therapy, were found to be noncontributory. If inflamma- 
tion and irritation of the thin-walled atria caused AF, 
there would be reason to anticipate a greater incidence in 
the worst cases. The incidence of AF among groups stud- 
ied was so uniform that even a small group of patients 
with a history of AF and sinus rhythm at the time of 
surgery had no significantly greater frequency than the 
nonsupraventricular tachyarrhythmia group. 
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The possible effect of a low hemoglobin and hemato- 


crit on the third postoperative day was studied. The third ` 


day was selected because these blood indexes are often 
stabilized by this time and the occurrence of these dys- 
rhythmias peak during this period 1-7 Although the mean 
hemoglobin and hematocrit for all patients were abnor- 
mally low, they did not contribute to the onset of AF. 

Tchervenkov et al* proposed that inadequate atrial 
protection during cardiopulmonary bypass may prolong 
atrial ischemic time and contribute to AF after surgery. 
However, the development of AF within the first 24 hours 
of acute myocardial infarction is also thought to be isch- 
emia, but AF only infrequently occurs within the first 24 
hours after CABG.! Also, complicated or more traumatic 
surgery evidenced by a prolonged aortic cross-clamp 
time, increased number of bypasses, higher creatine ki- 
nase levels, or a significant perioperative myocardial in- 
farction pose no greater risk for the development of AF. 

The abrupt cessation of a 8 blocker on the day of 
surgery has also been implicated as a possible mechanism 
in the pathogenesis of supraventricular tachyarrhythmias 
in this setting.” However, in the 152 patients whose phar- 
macologic therapy was followed in this study, 6-blocker 
withdrawal did not appear as a risk factor. There is a 
strong possibility that abrupt 6-blocker withdrawal syn- 
drome may produce a physiologic environment for the 
development for tachyarrhythmias but not specifically 
rapid AF. It is recognized as a limitation that many 


factors may play a role such as the kind of 8 blocker, dose 
and drug half-life. 

The present study demonstrates that, with the excep- 
tion of age, the onset of AF during the early postoperative 
course after CABG is enigmatic and continues to occur in 
many of these patients. 
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Efficient Estimation of the Heart Period Power Spectrum Suitable for 
Physiologic or Pharmacologic Studies 


Jeffrey N. Rottman, MD, Richard C. Steinman, MD, Paul Albrecht, J. Thomas Bigger, Jr., MD, 


Linda M. Rolnitzky, MD, and Joseph L. Fleiss, MD 


he standard deviation of the normal RR intervals 

(SDNN) computed over 24 hours predicts mortality 
after myocardial infarction.' The power spectrum of 
heart period or of instantaneous heart rate, calculated 
over intervals of 2 to 15 minutes, is used to assess auto- 
nomic nervous system activity: Energy in the 0.04- to 
0.15-Hz band reflects both parasympathetic and sympa- 
thetic activity, and energy in the 0.15- to 0.40-Hz band 
reflects pure parasympathetic activity.* The prognostic 
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significance of 24-hour SDNN has stimulated interest in 
computing heart period power spectra for 24-hour peri- 
ods. Previous computational approaches to the 24-hour 
heart rate power spectrum used the fast Fourier trans- 
form (FFT) to analyze the entire 24-hour period in 
toto.>4 We report a practical approach for computing 
heart period or heart rate power spectra over 24-hour 
periods by analyzing the data in 5-minute segments. This 
approach has the advantages of permitting physiologic 
and pharmacologic studies and requiring fewer assump- 
tions in dealing with “noisy” or arrhythmic segments. 

The 24-hour recording is digitized and automatically 
processed using a Marquette 8500 Holter Analysis Sys- 
tem. The time of onset of each QRS complex is defined, 
and each complex is classified as a normal ORS, an 
atrial or ventricular premature complex, or noise auto- 
matically by the computer and verified by a technician. 
The annotated file is then transferred to a Sun work 
station for further editing and calculations. 

The 24-hour period is divided into consecutive, non- 
overlapping 5-minute segments and the following com- 





y = 0.114 + 0.983x 


R = 0.999 


2 


4 
Ln Low Frequency Power - 5 Min Segments 





* 2 methods. A log-log plot was done to accomodate the wide 
range of values. Ln = natural logarithm. 


putations are performed for each segment: An instanta- 
neous heart period function is sampled at 292-ms inter- 
` ‘vals, and smoothed using a 584-ms wide boxcar filter to 
provide 1,024 data points per segment.’ (To analyze 
heart rate variability, an instantaneous heart rate func- 
tion can be sampled instead, without any other changes 
in the procedure.) When noise or atrial or ventricular 
premature complexes are encountered, the preceding 
and succeeding RR interval are excluded from the sam- 
pling and the instantaneous heart period function is esti- 
mated by linear interpolation. We require that 280% of 
the RR intervals in a 5-minute segment be NN intervals; 
otherwise the segment is excluded. Then, the mean NN 
interval is subtracted from the sampled heart period 
data, a Hanning window is applied, and a FFT is com- 
d puted.’ The resulting absolute 5-minute power spectra 
are corrected for attenuation resulting from the sam- 
pling? and the Hanning window’ and averaged. The fre- 
quency range of the power spectra, 0.003 to 0.800 Hz, 
encompasses the frequencies of interest. 

Theoretical considerations suggest that these 2 com- 
putational methods—the 24-hour in toto FFT, and the 
averaged spectra of 5 minute segments—should yield 
similar results. To confirm this theory, we compared the 
2 approaches on twenty 24-hour Holter recordings that 
were used previously to compare time and frequency 
domain measures of cardiac parasympathetic activity.’ 
These tapes were not selected for freedom from noise or 
ectopy. The same digital annotated file was used to com- 
pute low, the 0.04- to 0.15-Hz band, and high frequency 
power, the 0.15- to 0.40-Hz band, by both methods. 
Natural logarithms of the power values were analyzed 
because of the skewness of the distributions. Figures 1 
and 2 demonstrate the striking concordance between the 

a 2 approaches. Regression analysis showed that neither 
fitted regression line was significantly different from the 
line of identity (intercept equal to 0 and slope equal to 1: 





y = 0.030 + 1.003x 


R = 0.997 
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FIGURE 2. The correlation between the 2 methods of comput- 
ing high frequency power was 0.997 (p <0.001). The regres- 
sion equation has an intercept not different from 0 and a slope 
not different from 1, indicating nearly identical results for the 
2 methods. A log-log plot was done to accomodate the wide 
range of values. Ln = natural logarithm. 


F ratio = 2.77, degrees of freedom = 2 and 18, p >0.05 
for the log of low frequency power; F ratio = 1.87, 
degrees of freedom = 2 and 18, p >0.10 for the log of 
high frequency power). The 2 methods were most discor- 
dant for tape 10, which had the largest number of 5 
minute segments excluded for ectopy or noise. 

There are many theoretical problems encountered in 
computing the frequency spectrum of heart rate data, 
and any method must be a compromise between rigor and 
practicality. Our noise rejection criteria allow consistent 
processing of almost all tapes, and avoid long periods of 
arbitrary interpolation. The noise threshold was chosen in 
an effort to balance the competing objectives of minimiz- 
ing both interpolation and segment rejection. Eighty per- 
cent is the most stringent criterion that yields both consis- 
tent results and a large fraction of accepted segments. De- 
trending and more complex filtering of the heart period 
signal were omitted without creating problems; the 
changes in the power spectrum produced by such simpli- 
fications lie outside of the frequency regions with which 
we are concerned. 

For 24 hours of heart period or heart rate data, the 5- 
minute segmental method we describe can be efficiently 
computed, requiring only 1/250th the memory of the in 
toto method. Computation of the heart period power 
spectrum for consecutive 5-minute periods permits as- 
sessment of changes in autonomic tone over short periods 
of time for physiologic or pharmacologic investigation. 
Our algorithm can be readily implemented on modern 
Holter processing computer systems to facilitate further 
research on spectral components of heart period vari- 
ability. 
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Transvenous Atrial Septal Defect Occlusion by the Buttoned Device 


Eleftherios B. Sideris, MD, Soula E Sideris, RN, Basil D Thanopoulos, MD, Rani L. Ehly, RT, 


and James P. Fowlkes, RTMS 


ransvenous occlusion of atrial septal defect (ASD) 

was first described by King and Mills! in 1976. Their 
device was too bulky to be applicable to children. Since 
that time other single-? or double-disk devices**+ have 
been applied for the occlusion of ASDs. The “buttoned” 
device is the smallest available ASD-occluding device, 
because it requires an 8Fr introducing sheath. The effica- 
cy and the safety of the method have been shown only in 
the occlusion of experimental ASDs.° We are reporting 
the first clinical applications in children. 

The “buttoned device” is custom-made by us (ES). It 
consists of 3 parts: the occluder, the counter-occluder 
and the loading wire. 

The experimental application of the method has been 
described elsewhere. However, we will describe the 
modifications required for human application. 


From Pediatric Cardiology, 1600 Coulter #200, Amarillo, Texas 
79106; the Athenian Institute of Pediatric Cardiology, and the Division 
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Greece. Manuscript received May 15, 1990; revised manuscript re- 
ceived and accepted August 6, 1990. 
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A consent form, written according to rules regulating 
custom-made devices for each country, is first signed. 
The patient is taken to the interventional cardiac labora- 
tory after previous sedation with pediatric lytic cocktail 
(Demerol, 2 mg/kg; Phenergan®, 1 mg/kg; Thorazine® 
1 mg/kg; these drugs were rarely supplemented by intra- 
venous Ketamine®, 1 mg/kg). The right femoral vein and 
the left femoral artery are entered percutaneously (ve- 
nous access for the occlusion, arterial access for moni- 
toring). The diagnosis of ASD is first confirmed. The 
stretched diameter of the defect is determined using an 
atrial septostomy balloon catheter (American Ed- 
wards). An 8Fr-long sheath (Cordis) is introduced under 
fluoroscopy in the left atrium. The patient receives 100 
U/kg of heparin. An appropriate device is selected (de- 
vices are available in sizes 25 to 40 mm). The occluder is 
dipped in heparin solution (1,000 U in 20 ml of saline); it 
is folded and introduced into the long sheath, where it is 
advanced by a pusher catheter. 

The occluder is released into the left atrium, where it 
is automatically expanded, and is pulled against the tip 


FIGURE 1. A, atrial septal 

_ defect occlusion. The oc- 
~ Chuder (OC) and the counter- 
_ occluder (COC) have been in- 


Ae thread is then pulled as a sin- 
~ gle strand, releasing the de- 


wé 





FIGURE 2. Left, 4-chamber view 1 year after buttoned device (DV) implantation; right, color-flow mapping on 4-chamber view 
1 year after buttoned device implantation, demonstrating complete occlusion of the defect. AS = atrial septum; LA = left atrium; 


RA = right atrium. 


of the long sheath until it becomes perpendicular to it. 
Subsequent to this, the long sheath-occluder complex is 
pulled until it catches on the left atrial side of the atrial 
septum, occluding the defect. The efficacy of the occlu- 
sion is confirmed by echocardiography and color-flow 
mapping or in their absence by pulmonary artery angio- 
grams. The counter-occluder is introduced and ad- 
vanced into the long sheath by the pusher catheter until it 
is released in the midright atrium. The position of the 
occluder on the atrial septum is maintained by immobi- 
lizing the end of the loading wire on the sterile drapes 
using a hemostatic clamp. 

The buttoning is described in Figure 1A. Secure but- 
toning is checked by the parallel movement of the oc- 
cluder and counter-occluder under different projections. 

The release of the device is described in Figure 1B. 
Good occlusion of the defect is confirmed by color-flow 
mapping (Figure 2), or in its absence by oximetry and 
angiography. 

These 3 patients (Table I) illustrate the effectiveness 
of the buttoned device in occluding human ASDs of the 
secundum type. Full occlusion was achieved in the last 2 
patients and partial in the first. It is obvious that the 
method is not applicable to very large defects without 
adequate supporting tissue and a small left atrium. 

The animal data were rather conclusive regarding the 
efficacy and safety of the occlusion of experimental 
ASDs by the buttoned device. However, several ques- 
tions needed to be answered during human application 
regarding correct sizing of the defect, selection of the 
right size occluder and finally optimal guidance of the 
method. 

Sizing of the defect was done in the first patient by 
echocardiography and it was inaccurate. It grossly under- 
estimated the defect size. An inappropriate-sized oc- 
cluder was selected and the method resulted in partial 
occlusion. Sizing in the last 2 patients was correctly per- 
formed by septostomy balloons, estimating the stretched 
diameter of the defect. 

Selection of the appropriate occluder size was arbi- 
trary. No conclusions can be drawn from the first patient, 


o = after occlusion; bo = before occlusion; F-U = follow-up; Occ. = occlusion; 


a 
Str. Diam. = stretched diameter. 





because correct sizing was not performed. In the second 
patient, we used the recommendation of the animal data: 
a 12-mm occluder more than the diameter of the defect.® 
However, it was obviously too small because it came 
through the defect. There may be interspecies differences 
in the distensibility of the atrial septal tissue. A 15-mm 
occluder-defect difference was used in the second patient 
and a 17-mm occluder-defect difference in the third. It is 
obvious that more patients are needed before firm recom- 
mendations are made. 

Optimal guidance of the device is helpful to position 
and center the device correctly. Good fluoroscopy is nec- 
essary. The skeleton wires of the occluder and counter- 
occluder are well seen by fluoroscopy. Improvements are 
made to the button to make it visible as well. It is essential 
also that the long sheath is radiopaque. Echocardiogra- 
phy and color-flow mapping are helpful in the positioning 
and centering of the device. This was obvious in our 
animal work ` 

The need for femoral vein cutdown to remove the 
device should be minimized with appropriate sizing of the 
defect. However, improvements in the device to make 
percutaneous occluder withdrawal possible are desirable. 

All patients were discharged home within 24 hours 
and are well for up to 23 months of follow-up. 

It is concluded that (1) the method is effective in 
closing some ASDs of the secundum type, (2) the device 
is safe to apply on follow-up, and (3) larger scale trials are 
justified. 
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Addendum: Sixteen patients with ASD secundum 
have been repaired with the buttoned device so far, un- 
eventfully. 
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Results of Laser-Assisted Balloon Angioplasty for Peripheral Arterial 
Obstruction Using a Lensed Fiber-Tip Delivery Catheter 


Christopher J. White, MD, Stephen R. Ramee, MD, Michael Aita, Gene Samson, 
Maureen Godfrey, Larry Hollier, MD, and Joseph P. Murgo, MD 


P ercutaneous transluminal balloon angioplasty of ob- 
structed iliac and femoral arteries is the therapy of 
choice in the management of selected patients with pe- 
ripheral vascular disease. The advantages of percutane- 
ous balloon angioplasty include a reduction in the mor- 
bidity of the revascularization procedure, a shorter hospi- 
tal stay, and comparable 5-year patency rates when 
compared with surgical revascularization in selected pa- 
tients.!? One of the limitations of balloon angioplasty is 
that a lesion must first be crossed with a guidewire. The 
inability to cross occlusions with a guidewire is the most 
common cause of failure of the procedure. 

Laser angioplasty may have a role as an adjunct to 
balloon angioplasty by recanalizing lesions that cannot be 
traversed with a guidewire. The laser can create a channel 
through the arterial occlusion allowing the balloon cathe- 
ter to be advanced across the lesion to further reduce the 
arterial stenosis. Early clinical trials of laser angioplasty 
in the peripheral arteries have demonstrated the unsatis- 
factory results obtained with single bare optical fibers 
used to deliver the laser energy due to the small channels 
created,’ and the high incidence of arterial perforation 
due to the sharp end of the laser fiber.4 In an attempt to 
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son Highway, New Orleans, Louisiana 70121; and Advanced Cardio- 
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not only increase the size of the lumen created with the 
laser fiber but also reduce the risk of mechanical perfora- 
tion, we have modified the distal end with a spherical lens 
that increases the spot size of the laser fiber and provides 
an atraumatic tip for the optical fiber. This report de- 
scribes the first human clinical trials including 6-month 
follow-up of patients treated with a lensed fiber-tip laser 
delivery system designed for percutaneous revasculariza- 
tion of peripheral vascular obstructive lesions not amena- 
ble to conventional balloon angioplasty. 

The 12 patients entered into the study included those 
with symptomatic lower extremity claudication sched- 
uled to undergo elective balloon angioplasty. After in- 
formed consent was obtained patients were entered into 
the study protocol, approved by the hospital's clinical 
investigation committee, only if the obstructive lesion 
was unable to be crossed with an atraumatic angioplasty 
guidewire. 

The average age of the patients included in the study 
was 70 + 7 years (range 59 to 80). None of the patients 
had prior vascular surgery, and none had threatened 
limb loss. In the 12 patients, 14 lesions were attempted, 
of which 6 were total occlusions and 8 were subtotal 
occlusions by angiography. Three of the lesions were 
associated with dense calcification seen on fluoroscopy. 
One patient had a total occlusion of a common iliac 
artery and the remaining 13 lesions were located in the 
superficial femoral artery. 





FIGURE 1. Laser-assisted balloon angioplasty catheter. The spherical lensed fiber may be advanced 6 cm ahead of the balloon 
catheter. 
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A baseline history, physical examination and ankle- 
brachial blood pressure index (ABI) were recorded on 
each patient. Ipsilateral femoral artery access was ob- 
tained with an 8Fr vascular sheath (Cordis, Miami, 


` Florida) and 5,000 units of heparin was administered. 


e 


~ 





An anterograde femoral artery approach was used for 
the superficial femoral artery lesions, and a retrograde 
approach was used in the single common iliac artery 
lesion. Baseline angiography of the lesion was performed 
and an attempt to cross the target lesion was made with a 
0.035-inch guidewire (Wholey wire”, Advanced Cardio- 
vascular Systems, Santa Clara, California). 

After failing to cross the target lesion with the guide- 

wire, the laser delivery catheter (Figure 1) was inserted 
through the arterial sheath and advanced to the lesion. 
The laser catheter consisted of a 7Fr balloon angioplasty 
catheter with a 300-um core diameter silica fiber placed 
through the central guidewire lumen (Schwarten™ bal- 
loon, Advanced Cardiovascular Systems, Santa Clara, 
California). Attached to the distal tip of the silica fiber 
was a 1.5-mm spherical silica lens. The optical fiber was 
freely movable within the guidewire lumen of the angio- 
plasty balloon and could be advanced to a distance of 6 
cm in front of the balloon catheter. The proximal end of 
the silica fiber was coupled to a neodymium-yttrium 
aluminum garnet pulsed laser (Lumonics, Ontario, Can- 
ada). Energy transmission through the lensed fiber was 
measured in air using a digital power meter before inser- 
tion into the patient. 

The lensed fiber was advanced to be in contact with 
the lesion and attempts were made to cross the lesion 
without using laser energy which failed in every case. 
Energy was delivered with the lensed fiber in contact 
with the lesion at 0.5 J/pulse with a pulse duration of 100 
us at 10 Hz in 2- to 5-second bursts. The lensed fiber was 
gently advanced during laser energy delivery until the 
lesion was crossed, arterial perforation occurred, or a 
predetermined maximum of 225 J of laser energy had 
been delivered. Intermittent injections of contrast mate- 
rial were performed to monitor the progress of the fiber 
through the target lesion. After the lensed fiber had 
successfully crossed the lesion, the balloon catheter was 
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“FIGURE 2. Angiographic stenosis in successfully recanalized 


lesions (n = 11) at baseline, after laser recanalization and after 
balloon angioplasty. 





Stenosis Stenosis 
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L = left; R = right; SFA = superficial femoral artery. 
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advanced over the optical fiber and balloon dilation was 
performed. After laser-assisted balloon angioplasty, an- 
giography was performed, and the catheter and sheath 
were removed. Postprocedure ankle-brachial blood pres- 
sure indexes were measured within 24 hours. Successful 
recanalization was defined as a reduction of the angio- 
graphic stenosis to <30% without arterial perforation. 
Clinical success was defined as an improvement in the 
ankle-brachial index by 20.1 from baseline, and an im- 
provement in claudication symptoms. 

Follow-up consisted of interval histories, physical 
examinations and ankle-brachial blood pressure mea- 
surements at 1, 3 and 6 months. Restenosis was defined 
as either return of symptoms to baseline levels or a 
decrease in the ankle-brachial index of 20.1 from the 
immediate postprocedure value. 

Successful laser recanalization was accomplished in 
11 of 14 lesions (Table I), and clinical success was ob- 
tained in 11 of 12 patients. The mean lesion length in 
successfully recanalized lesions was 7.8 + 9.6 cm com- 
pared with 5.0 + 3.6 cm in failed lesions, which was not 
statistically different. The total energy delivered to suc- 


Ankle-Brachial! Index 





Post-treatment 


FIGURE 3. Ankle-brachial indexes in successfully recanalized 
patients (n = 11). 
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cessfully recanalized lesions was 70.7 + 31.5 J (range 10 
to 104) vs 225 J in each of the 3 failed lesions (p = 
0.001). A significant reduction in angiographic stenoses 
in the successfully recanalized occlusions was obtained 
after laser recanalization alone as well as after balloon 
angioplasty (Figure 2). All of the patients with 21 suc- 
cessfully recanalized narrowing had clinical success as 
determined by both an improvement in their symptom of 
claudication and an increase in the ankle-brachial index 
by 20.1 (Figure 3). 

There were no instances of arterial perforation or 
distal embolization in any patient. The patients reported 
no sensation of heat or discomfort during the laser pro- 
cedure as has been reported during thermal laser proce- 
dures. Two of the failed lesions and 1 of the successfully 
recanalized lesions contained dense fluoroscopic calcifi- 
cation. 

Restenosis occurred in 5 of 11 (46%) of the success- 
fully recanalized lesions and was manifested by both a 
return of claudication symptoms to preprocedure levels 
and a decrease in the ankle-brachial index of =0.1 in all 
5 patients. There were no significant differences among 
the variables measured including lesion length, total en- 
ergy delivered, lesion stenosis either before or after treat- 
ment, or ankle-brachial indexes either before or after 
treatment between the lesions that recurred or those that 
remained patent. 

This study demonstrated the safety and efficacy of a 
unique laser delivery system designed for adjunctive use 
with balloon angioplasty in lesions not amenable to con- 
ventional balloon angioplasty. We successfully reca- 
nalized 11 of 14 lesions, which resulted in clinical im- 
provement in 11 of 12 patients without arterial perfora- 
tion or distal embolization. An argument can be made 
that many lesions not able to be crossed with a soft, 
atraumatic guidewire such as the type used in our labora- 
tory could be traversed with stiffer, more traumatic 
guidewires. It is our experience that these more traumatic 
techniques frequently result in intimal and medial dissec- 
tions at the site of the arterial occlusion. The subintimal 
passage of the guidewire may lead to a balloon inflation in 
this false channel, resulting in a suboptimal balloon dila- 
tion. 

The rounded 1.5-mm diameter spherical lensed fiber 
tip is an atraumatic device with which to cross occlusions. 
Preclinical trials with this laser delivery system in an 
atherosclerotic swine model have demonstrated the pro- 
pensity for the spherical lensed fiber tip to select the 
native lumen in totally occluded arteries "8 We have also 
demonstrated that mechanical perforation of arteries is 
eliminated with the use of the spherical lensed tip, which 
remains a potential problem with bare fiber laser cathe- 
ters.’ The lensed fiber also has a larger spot size than bare 
fibers, allowing a larger recanalized lumen to be created. 
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An advantage of this laser-assisted balloon angioplasty 
system is that once the obstructive lesion has been crossed 
with the laser device, the balloon catheter can be directly 
advanced over the optical fiber. This avoids the uncer- 
tainty and risk involved in recrossing lesions with 
guidewires after laser recanalization, which is required 
when using systems without integrated balloon dilation 
catheters. 

The ability to transmit laser light directly to the target 
tissue is another advantage of using lensed fiber systems. 
This direct transmission of light allows specific laser- 
tissue interactions to occur such as preferential wave- 
length absorption by the target lesion,®-!° and enables the 
advantages of pulsed energy delivery to be exploited to 
avoid thermal damage to the tissue surrounding the tar- 
get lesion. The delivery of energy in short pulses (shorter 
than the thermal relaxation time of the tissue) allows the 
ablation of tissue while minimizing the amount of heat 
accumulating in the tissue.!! 

In conclusion, this laser-assisted balloon angioplasty 
system is safe and effective for recanalizing obstructive 
lesions not amenable to conventional balloon angioplasty. 
The role of laser angioplasty in vascular medicine needs 
to be determined, but it appears that this device may be a 
valuable adjunct to balloon angioplasty by allowing per- 
cutaneous revascularization in symptomatic patients who 
otherwise would be referred for surgical therapy or forced 
to live with their disability. 
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Experience with a Newly Developed Pericardiocentesis Set 
Sang C. Park, MD, Elfriede Pahl, MD, Jose A. Ettedgui, MD, Donald R. Fischer, MD, 


Lee B. Beerman, MD, and William H. Neches, MD 


ericardiocentesis is a widely used therapeutic and 

diagnostic procedure. Although a limited number of 
pericardiocentesis sets are commercially available, none 
has been developed for use in children. This report de- 
scribes experience with a newly developed pericardiocen- 
tesis set, specifically designed for pediatric patients. 

The study group comprised 11 consecutive, unselect- 
ed patients in whom pericardiocentesis was performed at 
Children’s Hospital of Pittsburgh between December 
1987 and February 1990. Clinical information and char- 
acteristics of pericardial fluids are listed in Table I in 
order of the patient’s age. Their ages and body weights 
ranged from 1 day to 18 years (median 7 years) and from 
3.1 to 59.7 kg (median 21.5), respectively. The presence 
of pericardial effusion was diagnosed by 2-dimensional 
echocardiography. 

The most common etiology of pericardial effusion 
was that in association with a prolonged febrile course 
after cardiac surgery in 4 patients (nos. 3, 4,6 and 11). In 
3 of these the pericardial fluid culture was negative and 
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TABLE I Clinical Data and Findings of Pericardial Effusion 


Pericardial Fluid 


Echo 
Diagnoses (mm) 


TGA 1 day 
LA perforation 

NEC 5 days 
Idiopathic PC 

PA, VSD, MS, 9 mos. 
PPS 

PA, HRV, FP, PC 

Abdominal injury 
Traumatic PE 

TGA, VSD, PS, BT 7 yrs. 
RP, PPS 

Kawasaki, PC, 
MYO 

Viral PC 


2-10/12 yrs. 
2-10/12 yrs. 


7-2/12 yrs. 


7-8/12 yrs. 
Viral PC 8-3/12 yrs. 
Heart transplant 15-11/12 yrs. 
CT, VR, PPS 18 yrs. 


Median Median Mean 
7 yrs. 21.5 kg 24 


* Reinfused to the venous line; t loculated. 


the etiology was ascribed to postpericardiotomy syn- 
drome. The remaining patient had a positive culture for 
staphylococcus aureus and had an associated mediasti- 
nitis. Other etiologies included viral pericarditis in 2 
patients (nos. 8 and 9), idiopathic pericarditis in a new- 
born (patient no. 2) with necrotizing enterocolitis, and 
myocardial dysfunction with congestive heart failure in 
2: one with Kawasaki syndrome (no. 7) and another with 
restrictive cardiomyopathy 3 years after orthotopic 
heart transplantation (no. 10). In the remaining 2 pa- 
tients, the pericardial effusion was related to trauma: a 
1-day-old newborn (no. 1) with transposition of the great 
arteries developed pericardial tamponade in association 
with hemopericardium due to an iatrogenic perforation 
of the left atrium during cardiac catheterization; the 
other patient developed pericardial effusion after an 
automobile accident. 

Pericardiocentesis was performed in the cardiac 
catheterization laboratory under fluoroscopic guidance 
in all patients except 1 (no. 9), in whom it was performed 
in the intensive care unit with 2-dimensional echocardio- 
graphic guidance. All but 2 patients (nos. I and 9) re- 
ceived a combination of meperidine 2 mg/kg, prometha- 
zine 0.5 mg/kg and chlorpromazine 0.5 mg/kg intramus- 
cularly 30 to 45 minutes before the procedure or fentanyl 
citrate 1 mg/kg intravenously shortly before the proce- 


Catheter 


Yield Duration 
(cc) Appearance 


Culture Out/In (days) 


Blood Negative 


Serousanguinous Negative 


Serousanguinous Negative 
Serousanguinous Staph. aureus 
Serous Negative 


Serousanguinous Negative 


Viscous serous Negative 
Serousanguinous Negative 
Serousanguinous Negative 
Serous Negative 
Serousanguinous Negative 


BT = Blalock-Taussig shunt; CT = corrected transposition; FP = Fontan procedure; HRV = hypoplastic right ventricle; Kawasaki = Kawasaki syndrome; LA = left atrium; MS = 
modified Blalock-Taussig shunt; MYO = myocarditis; NEC = necrotizing enterocolitis; PA = pulmonary atresia; PC = pericarditis; PE = pericardial effusion; PPS = post 
pericardiotomy syndrome; PS = pulmonary stenosis; RP = Rastelli procedure; Staph. = staphylococcus; TGA = transposition of the great arteries; VR = prosthetic valve 


replacement; VSD = ventricular septal defect. 
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dure. Most of the patients underwent the procedure in 
the supine position, while a few who had orthopnea were 
in the semi-sitting position. An electrocardiogram was 
monitored throughout the procedure. 

The set consists of: (1) two 20-gauge-thin wall nee- 
des (4 cm and 7 cm in length for patients with an unusu- 
ally thick chest wall); (2) a 0.025-inch J-tip Teflon®- 
coated guidewire, 50-cm long; (3) a 3Fr Teflon introduc- 
er, 27-cm long; and (4) a 5Fr polyethylene catheter, 
20-cm long with a J-shaped curve at the tip (Figure 1). 
The tip of the catheter is tapered to a 4Fr size. There are 
multiple openings (0.025 inch) on the concave as well as 
on the convex sides of the catheter tip. 

The subxyphoid area is prepped and draped to pro- 
vide a sterile field. Lidocaine (1%) is infiltrated at the 
left costoxiphoid angle extending posteriorly and slight- 
ly superiorly. Using a sharp-pointed number-11-blade 
scalpel, a 2 to 3 mm stab wound is made at the site of the 
lidocaine infiltration (Figure 2A). The needle is attached 
to a 3-ml syringe containing a small amount of flushing 
solution and introduced into the stab wound, directed 
toward the left axilla with the needle advancing at an 
angle of 20 to 30° from the horizontal plane (Figure 2B). 
The operator may have a sensation of “popping” as the 
needle punctures the pericardium and pericardial fluid 
is aspirated. After confirmation of free aspiration of a 
small amount of pericardial fluid, the syringe is re- 


S SES, 
4 cm 


#3F TEFLON INTRODUCER 


E: #5F POLYETHYLENE CATHETER 


GUIDE WIRE INTRODUCER CATHETER 
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moved. The guidewire is then advanced through the nee- 
dle under biplane fluoroscopic guidance or by 2-dimen- 
sional echo imaging (Figure 2, C and D). Ideally, the 
guidewire is passed around the inferior portion of the 
heart into the posterior aspect of the pericardial space. 
Once the guidewire is in a satisfactory position, the nee- 
dle is removed (Figure 2E). The combined introducer 
and catheter set is then passed over the wire. Initially, the 
introducer alone is manipulated by rotating or twirling it 
until the tip is in the pericardial space (Figure 2F). The 
catheter is then advanced over the introducer by similar 
manipulation until the catheter reaches as far as possible 
into the posterior pericardial space. The guidewire and 
introducer are subsequently removed while the drainage 
catheter remains in the pericardial space. A 3-way stop- 
cock is attached to the catheter hub and drainage of the 
pericardial fluid is accomplished with a large syringe, 
usually of 30- or 50-ml capacity (Figure 2G). 

Inall cases, the procedure was successful and without 
complication. Only 4-cm needles were used and no pa- 
tient in this series, even the 2 teenagers weighing more 
than 45 kg, required a longer needle (7 cm). Pericardial 
drainage ranged from 38 ml in a 5-day-old newborn to 
800 ml in an 8-year-old boy with viral pericarditis (mean 
281 ml). The nature of the pericardial fluid is listed in 
Table I. In most cases, it was either serous or serosan- 
guinous. In the newborn infant who had left atrial perfo- 


FIGURE 1. Diagramatic illustrations of 
each component of the pericardiocentesis 
set (see text). 


FIGURE 2. Sequence of the pericardiocen- 
tesis procedure (see text). 
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ration during cardiac catheterization, pericardiocentesis 
yielded pure blood, which was reinfused through a cen- 
tral venous line until the surgeon repaired the perfora- 
tion. The patient had an uneventful course and subse- 
quently had a successful arterial switch procedure. In 3 
patients, a pericardial catheter was left in place forlto3 
days because of concern about the possibility of reaccu- 
mulation. An additional 50 to 150 ml of pericardial fluid 
was removed during this period. One patient had a cul- 
ture-proven staphylococcal pericarditis in association 
with mediastinitis and required surgical intervention. 
The remaining 10 patients had negative bacterial cul- 
tures and did not require further surgical intervention for 
their pericardial effusion. All patients recovered without 
sequelae. 

Although pericardiocentesis is a relatively straight- 
forward procedure, complications related to it have 
been considerable, ranging from a nonproductive tap to 
death.!-3 In recent years, the overall incidence of compli- 
cations has decreased as accurate diagnosis and localiza- 
tion of pericardial effusion is readily made by 2-dimen- 
sional echocardiography and by computer tomographic 
scan. 

Self-contained pericardiocentesis sets are now com- 
mercially available; however, they are primarily aimed at 
the adult population. The relatively large components are 
not suitable for safe use in children. The primary purpose 
of our study was to develop a dedicated pericardiocentesis 
set for the pediatric age group. Delicate maneuverability 
and precise placement of a drainage catheter into the 
limited pericardial space are of prime consideration in 
smaller patients with relatively smaller amounts of peri- 
cardial fluid. 

Most commercially available pericardiocentesis sets 
include an alligator clip that is intended to monitor the 
electrocardiogram through the needle. The technique 
uses electrocardiographic changes to identify misplace- 
ment of the needle and direct contact with the atrium or 
ventricle. However, this technique is not only unreliable* 
but also causes considerable distraction during the deli- 
cate maneuvers of the procedure itself. Therefore, capa- 
bility for electrocardiographic monitoring through the 
needle was not incorporated in this set. 

The drainage catheter is a relatively small, 5Fr-thin 
wall polyethylene catheter, which is flexible enough to be 
used for a newborn, yet large enough for even the older 
teenagers. The gentle J-shaped tip of the catheter is de- 


signed to prevent inadvertent trauma to the myocardium. 
The number, placement and size of the side holes of this 
catheter are important for short- and long-term drain- 
age 28 There are multiple holes on the convex and con- 
cave sides of the curved catheter tip, arranged to prevent 
occlusion by contact between the catheter and the peri- 
cardial or epicardial surfaces. The side holes, of 0.025- 
inch diameter, were large enough to drain effectively for 
up to 3 days in our 3 patients with serous or serosangui- 
nous pericardial fluid. However, when purulent pericar- 
ditis is documented, open surgical drainage is recom- 
mended, even if the pericardiocentesis is successful in 
removing most of the fluid. 

The small 3Fr Teflon introducer is easily passed over 
the guidewire into the pericardial space without the aid of 
a dilator. When the catheter is passed over this introduc- 
er, the entire system has a gentle taper from the wire 
diameter to the catheter diameter, as shown in Figure 1 
(bottom), thereby eliminating the need for a separate 
dilation procedure. This set facilitates performing peri- 
cardiocentesis efficiently in a short period of time, partic- 
ularly when emergency pericardiocentesis is needed. 

In conclusion, our limited clinical trial with a newly 
developed pericardiocentesis set has shown its effective- 
ness and safety in a wide range of pediatric patients, from 
newborn infants to older teenagers. The set may help to 
reduce the complications related to pericardiocentesis. It 
also can be used as a short-term indwelling drainage 
catheter. 
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Relation of Mean Pulmonary Arterial Wedge Pressure and Left 


Ventricular End-Diastolic Pressure 


Eduardo D. Flores, MD, Richard A. Lange, MD, and L. David Hillis, MD 


he flow-directed, balloon-tipped catheter has facili- 

tated the management of critically ill patients by 
providing a means of measuring right-sided cardiac pres- 
sures and output. In addition, it has been used to measure 
certain left-sided cardiac pressures. Hellems et al! report- 
ed that a catheter effectively “wedged” in a pulmonary 
artery (PA) yielded blood that was fully saturated with 
oxygen and a pressure reflective of that in the left atrium. 
Subsequently, other investigators substantiated this ob- 
servation, noting that an oximetrically confirmed PA 
wedge pressure was similar to left atrial pressure.” In the 
absence of mitral valve disease, mean PA wedge pressure 
is similar to mean left ventricular (LV) diastolic pressure, 
but there is continuing confusion about the relation be- 
tween mean PA wedge and LV end-diastolic pressures.* 
In subjects without cardiac disease, mean left atrial pres- 
sure (and likewise mean PA wedge pressure) almost al- 
ways approximates LV end-diastolic pressure> and, 
therefore, can be used to assess LV filling. In contrast, 
these pressures may be disparate in subjects with cardiac 
disease.® This study was performed to examine the rela- 
tion of mean PA wedge and LV end-diastolic pressures in 
patients with and without cardiac disease. 

From July 1978 to March 1990, diagnostic right and 
left-sided cardiac catheterization with simultaneous 
measurement of PA wedge and LV pressures was per- 
formed in 3,159 patients (1,643 men, 1,516 women, aged 
50 + 12 [mean + standard deviation] years). Patients 
were excluded from analysis if they had mitral stenosis 
(n = 180), mitral regurgitation (n = 1,137), a technically 
inadequate left ventriculogram (usually due to repetitive 
ventricular ectopic complexes) (n = 378), or a lack of 
oximetric confirmation that the right-sided heart cathe- 
ter was effectively wedged (failure to aspirate blood with 
an oxygen saturation =95%) (n = 992). In the remaining 
472 patients (263 men, 209 women, aged 48 + 13 years), 
an oximetrically confirmed PA wedge and LV pressures 
were recorded simultaneously with stiff, large-lumen 
catheters (8Fr Goodale-Lubin and 8Fr pigtail, respec- 
tively). 

Of the 472 patients, 43 had no evidence of cardiovas- 
cular disease; 230 had coronary artery disease (defined 
as =70% luminal diameter narrowing of 21 large epi- 
cardial coronary artery); 51 had aortic valvular disease 
(regurgitation in 39, stenosis in 12); 53 had systemic 
arterial hypertension with electrocardiographic or echo- 
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cardiographic evidence, or both, of LV hypertrophy; and 
the remaining 95 had miscellaneous congenital, myocar- 
dial or pericardial abnormalities. 

For the 472 subjects, mean PA wedge and LV end- 
diastolic pressures correlated well with one another (r = 
0.88). However, they differed by 25 mm Hg in 133 
(28%), and were <5 mm Hg in the other 339 (72%). For 
the 133 with a disparity of LV end-diastolic and mean 
PA wedge pressures, LV end-diastolic pressure was 20.4 
+ 6.6 mm Hg and mean PA wedge pressure was 13.0 + 
5.2mm Hg (p <0.0001). LV end-diastolic pressure ex- 
ceeded mean PA wedge pressure in 132 of the 133 pa- 
tients. LV end-diastolic and mean PA wedge pressures 
differed =5 mm Hg in only 1 of the 43 patients (2%) 
without cardiac disease. In contrast, a disparity of LV 
end-diastolic and mean PA wedge pressures was noted in 
31% of patients with coronary artery disease, 40% of 
those with systemic arterial hypertension and 53% of 
those with aortic valvular disease. 

In the absence of mitral valvular disease, the pulmo- 
nary veins, left atrium and left ventricle communicate 
during diastole, forming, in essence, a common chamber. 
As a result, a properly confirmed mean PA wedge pres- 
sure is reflective of mean LV diastolic pressure. At the 
same time, many patients with cardiac disease have LV 
end-diastolic pressure that is distinctly greater than mean 
PA wedge pressure, predominantly because of a large a 
wave produced by atrial contraction into a relatively stiff, 
noncompliant ventricle.® In these patients, LV end-dia- 
stolic pressure may substantially exceed mean PA wedge 
pressure. Indeed, 133 of our 472 patients (28%) had 25 
mm Hg disparity between mean PA wedge and LV end- 
diastolic pressures, with the former being consistently 
lower in all but 1 patient. 

Certain cardiac abnormalities were often associated 
with a disparity between LV end-diastolic and mean PA 
wedge pressures, including aortic valvular disease, hyper- 
tension and coronary artery disease, conditions that may 
be associated with reduced LV compliance and a promi- 
nent LV a wave.® In contradistinction, LV end-diastolic 
and mean PA wedge pressures were similar in almost all 
subjects with normal cardiac function. 

In summary, in patients with normal cardiac function, 
mean PA wedge pressure closely approximates LV end- 
diastolic pressure. However, these pressures may be dis- 
similar in patients with aortic valvular disease, systemic 
arterial hypertension and coronary artery disease, in 
whom LV end-diastolic pressure exceeds mean PA wedge 
pressure because of LV noncompliance and a prominent 
a wave. In patients with cardiac disease, mean PA wedge 
pressure cannot be used reliably to assess LV end-diastol- 
ic pressure. 
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Ventricular Arrhythmias After Balloon 


Aortic Valvuloplasty 


Kenneth M. Weesner, MD 


alloon dilation of congenital 
heart defects is being performed 
with increasing frequency. Although 
these procedures are generally safe, a 
number of complications can occur, 
including obstruction of leg vessels, 
bleeding and rarely reported episodes 
of sudden death.' Prolongation of the 
corrected QT interval (QTc) has 
been reported with pulmonary bal- 
loon valvuloplasty.2 During surveil- 
lance after balloon aortic valvulo- 
plasty, 4 patients with asymptomatic 
ventricular tachycardia were identi- 
fied by Holter monitor recording. 
Four patients underwent balloon 
aortic valvuloplasty for severe aortic 
stenosis between April 16, 1986, and 
June 15, 1989. The first patient, a 
3.5-year-old, 17-kg boy, had an 80- 
mm Hg aortic gradient. The aortic 
valve was dilated with a 3-cm-long, 
15-mm inflated diameter balloon 
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catheter, inflated twice at 3 atm for 
10 seconds. After valvuloplasty, the 
aortic gradient was 40 mm Hg (50% 
reduction) and trivial aortic insuffi- 
ciency was noted. A 24-hour Holter 
monitor was performed in the inten- 
sive care unit following dilation. Af- 
ter valvuloplasty, the Holter moni- 
tor documented a prolonged QTc in- 
terval and a 3-beat salvo of 
ventricular tachycardia (Figure 1, 
Table I). This patient has remained 
asymptomatic for 4 years with no 
change in transaortic gradient by 
Doppler echocardiography. 

The second patient, a 6.5-year- 
old, 20-kg boy, had a 120-mm Hg 
peak gradient before treatment. The 
aortic valve was dilated with a 20- 
mm diameter, 3-cm-long balloon, 
which was inflated 1 time for 10 sec- 
onds at 3 atm. After valvuloplasty, 
the gradient was 25 mm Hg (79% 
reduction) and there was 3+/4 aortic 
insufficiency noted after the proce- 







FIGURE 1. Representative tracings from Holter monitor recordings after valvulo- 
illustrate 


plasty 
that the patients were seen. 


abnormalities identified and are presented in the order (A, B, C, D) 
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dure. Holter monitoring revealed 
prolongation of the QTc, frequent 
premature ventricular contractions, 
and 4 bursts of nonsustained ventric- 
ular tachycardia (Table I, Figure 1). 
The child has remained asymptom- 
atic for 2 years of follow-up. 

The third patient, a 7-year-old, 
21-kg boy, had a 50-mm Hg peak 
aortic gradient before balloon valvu- 
loplasty. The aortic valve was dilat- 
ed with an 18-mm diameter, 3-cm- 
long balloon, inflated 3 times for 10 
seconds at 3 atm. After valvuloplas- 
ty, there was a 10-mm Hg peak gra- 
dient across the aortic valve (80% 
reduction), and 2+/4 aortic insuffi- 
ciency was noted. A 24-hour Holter 
monitor demonstrated a prolonged 
QTc interval, frequent premature 
ventricular contractions, and 5 epi- 
sodes of nonsustained ventricular 
tachycardia (Table I, Figure 1). The 
QTc was normal at the end of Holter 
monitoring and no ectopy was identi- 
fied. This patient has remained 
asymptomatic after 2 years of fol- 
low-up. 

The fourth patient, a 9.5-year- 
old, 31-kg girl, had an aortic gradi- 
ent of 90 mm Hg before valvuloplas- 
ty. The aortic valve was dilated with 
an 18-mm diameter, 3-cm-long bal- 
loon, with 3 inflations for 10 seconds 
at 4 atm. After dilation, the gradient 
was reduced to 42 mm Hg (53% re- 
duction) and there was trace aortic 
insufficiency. Treatment with lido- 
caine was required before balloon 
valvuloplasty for ventricular ectopy. 
This was discontinued before leaving 
the catheterization laboratory and 
no ectopy was observed. With Holter 
monitoring, a prolonged QTc was re- 
corded, as well as 5 episodes of non- 
sustained ventricular tachycardia 
and frequent premature ventricular 
contractions (Table I, Figure 1). 
This patient has remained asymp- 
tomatic after 9 months of follow- 
up. 
Only 1 of these 4 patients had 
arrhythmias that required treatment 
in the catheterization laboratory. 
They were the only 4 patients to un- 
dergo aortic valvuloplasty during this 
period. While all 4 patients were 
monitored in the intensive care unit 
after the procedure, none had ar- 
rhythmias observed by nursing per- 
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Before At Start of At Time At End 

Catheterization Holter Recording of VT (First Episode) of Holter Recording 
1 0.55s(11 hrs) 
P- 2 0.41s 0.48s 0.52s (12 hrs) 0.44s ` 
3 0.43s 0.465 0.50s (5 hrs) 0.41s 
4 0.40s 0.55s 0.50s (4hrs) 0.43s H 
sonnel. At the end of Holter monitor- sult, and the children have done well loplasty is warranted, because ven- A 
ing, no ventricular arrhythmias were both in short- and long-term follow- tricular tachycardia may occur. S 


noted, and a resting 12-lead electro- 
cardiogram demonstrated a normal 
QTc before hospital discharge (Ta- 
ble I). None of these patients had any 
depolarization changes associated 
with valvuloplasty. 

Sudden death has been reported 
to occur immediately after an appar- 
ently successful balloon dilation pro- 
cedure.!3 Because of this observation 
and the occurrence of sudden death 
in patients with severe aortic stenosis, 
I elected to monitor these patients 
intensively after balloon aortic valvu- 
loplasty. Even though there appar- 
ently was a good hemodynamic re- 


up, all 4 had ventricular tachycardia 
recorded between 4 and 18 hours af- 
ter balloon valvuloplasty. My tech- 
nique appears to be comparable to 
that reported by others, although this 
observation has not been previously 
reported 27 The etiology of these ar- 
rhythmias is unclear, however; all 4 
patients had documented prolonga- 
tion of the QTc interval, whereas 
both precatheterization electrocar- 
diograms and those obtained before 
discharge showed a normal QTc and 
no arrhythmias. The results of this 
report suggest that close observation 
of patients after balloon aortic valvu- 
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Failure of captopril to prevent nitrate tolerance 
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coronary artery disease; 608 


Role of left ventricular dysfunction in selective 
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phase of anterior wall acute myocardial 
infarction; 529 
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315 
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dysfunction should be treated with an 
angiotensin-converting enzyme inhibitor: a 
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Circadian rhythmicity of rate-normalized QT 
interval in hypothyroidism and its significance 
for development of class Ill antiarrhythmic 
agents; 959 


Effects of encainide and metabolizer phenotype 
on ventricular conduction during exercise; 
1393 


Future perspectives in the management of 
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Physician attitudes toward the use of type IC 
antiarrhythmics after the Cardiac Arrhythmia 
Suppression Trial (CAST); 1262 
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treated? a protagonist’s viewpoint; 447 
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drugs for the treatment of paroxysmal atrial 
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Treatment of ventricular arrhythmias in children 
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agents as guided by invasive 
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What is an antiarrhythmic drug? From clinical 
trials to fundamental concepts; 96 
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Effect of heparin on coronary arterial patency 
after thrombolysis with tissue plasminogen 
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Low-dose aspirin versus anticoagulants for 
prevention of coronary graft occlusion; 1464 
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patients with antidromic circus movement 
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syndrome; 1082 


: 
A 
{ 
| 


| 


| 


el 


o- 


L 
i 


kb 
"E d 
N 


kr: = = esi 


Antihypertensive therapy 
Comparison of the antihypertensive efficiency of 
nitrendipine, metoprolol, mepindolol and 
enalapril using ambulatory 24-hour blood 
pressure monitoring: 967 
Aorta 
Nongeometric Doppler stroke volume 
determination is limited by aortic size; 883 
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Aortic calcified plaques and cardiovascular 
disease (the Framingham study); 1060 


_ Aortic coarctation 


Atenolol therapy for exercise-induced 
hypertension after aortic coarctation repair; 
1233 


Balloon angioplasty of native aortic 
coarctations; 1401 


Aortic regurgitation 
Combined obstructive hypertrophic 
cardiomyopathy and stenotic congenitally 
bicuspid aortic valve; 1273 


Long follow-up (to 43 years) of ventricular 
septal defect with audible aortic 
regurgitation; 340 

Aortic ring 

Infective perivalvular abscess of the aortic ring: 
echocardiographic features and clinical 
course; 102 


Aortic stenosis 
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Combined obstructive hypertrophic 
cardiomyopathy and stenotic congenitally 
bicuspid aortic valve; 1273 


Comparison of indications for aortic valve 
replacement in 1978 and in 1988; 1016 


Early and late changes in left ventricular systolic 
performance after percutaneous aortic 
balloon valvuloplasty; 327 


Improvement in early diastolic filling dynamics 
after aortic valve replacement; 1124 


Lack of improvement of coexisting mitral 
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Aortic valve 
Comparison of indications for aortic valve 
replacement in 1978 and in 1988; 1016 


Digital acoustical analysis of normal and bimodal 
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valves; 849 


Effect of left ventricular ejection fraction on 
malfunctioning St. Jude medical prosthesis in 
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Transesophageal color flow Doppler and 
echocardiographic features of normal and 
regurgitant St. Jude medical prostheses in the 
aortic valve position; 873 

Transesophageal echocardiography in the 
evaluation of prosthetic and native aortic 
valves; 758 
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Lack of apolipoprotein Al in patients recovering 
from myocardial infarction; 124 

Predictive value of lipoprotein (a) and other 
serum lipoproteins in the angiographic 
diagnosis of coronary artery disease; 1176 


Arrhythmias 
Analysis of programmed stimulation metheds in 
the evaluation of ventricular arrhythmias in 
patients 20 years old and younger; 826 


An electrocardiographic midterm follow-up study 
after anatomic repair of transposition of the 
great arteries; 350 


Beneficial and detrimental effects of lidoflazine 
in microvascular angina; 37 


Comparison of clinical features in patients B60 
years of age to those A40 years of age with 
hypertrophic cardiomyopathy; 875 


Effects of exercise on the signal-averaged 
electrocardiogram in coronary artery disease; 
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Frequency and prognosis of arrhythmias after 
operative ‘‘correction”’ of tetralogy of Fallot; 
346 


Late proarrhythmia and understanding the time 
of occurrence of proarrhythmia; 1139 


Persistence of arrhythmia exercise response in 
healthy young men; 1092 


Physician attitudes toward the use of type IC 
antiarrhythmics after the Cardiac Arrhythmia 
Suppression Trial (CAST); 1262 


Relation of peri-infarction block to ventricular 
late potentials in patients with inferior wall 
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The nuclear pacemaker: is renewed interest 
warranted? 837 


Arteriography 
Changes in diameter of coronary narrowings and 
translesional hemodynamics after 
intracoronary nitroglycerin; 705 


Arteriotomy 
Early clinical results of lung coronary 
arteriotomy, endarterectomy and 
reconstruction combined with multiple bypass 
grafting for severe coronary artery disease; 
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Aspirin 
Effects of early intervention with low-dose 
aspirin (100 mg) on infarct size, reinfarction 
and mortality in anterior wall acute 
myocardial infarction; 267 


Low-dose aspirin versus anticoagulants for 
prevention of coronary graft occlusion; 1464 
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Atrial isomerism in the heterotaxy syndromes 
with asplenia, or polysplenia, or normally 
formed spleen: an erroneous concept; 1504 


Atenolol 

Atenolol therapy for exercise-induced 
hypertension after aortic coarctation repair; 
1233 

Comparison of nicorandil and atenolol in stable 
angina pectoris; 679 

Effects of theophylline, atenolol and their 
combination on myocardial ischemia in stable 
angina pectoris; 1157 
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Comparison of dissection rates and angiographic 
results following directional coronary 
atherectomy and coronary angioplasty; 49 


Frequency and causes of failure with 
contemporary balloon coronary angioplasty 
and implications for new technologies; 858 


Quantitative angiographic comparison of the 
immediate success of coronary angioplasty, 
coronary atherectomy and endoluminal 
stenting; 938 


Atherosclerosis 
Hemodynamic shear force in rupture of coronary 
arterial atherosclerotic plaques; 1368 


Response of angiographically normal and 
atherosclerotic left anterior descending 
coronary arteries to acetylcholine; 1070 


Atherosclerotic plaques 
Hemodynamic shear force in rupture of coronary 
arterial atherosclerotic plaques; 1368 
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Thoracoabdominal ectopia cordis with isolated 
infundibular atresia; 891 


Atrial fibrillation 
Atrial flutter in patients treated for atrial 
fibrillation with propafenone; 755 


Circadian fluctuations in ventricular response to 
atrial fibrillation; 1013 


Clinical, echocardiographic and Doppler 
correlates of clinical instability with onset of 
atrial fibrillation; 721 


Risk factors for atrial fibrillation after coronary 
artery bypass grafting; 1520 
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fibrillation and relation to air temperature 
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formed spleen: an erroneous concept; 1504 
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Atrial natriuretic peptide and hemodynamic 
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Atrial pacing 
Coronary sinus lysophosphatidylcholine 
accumulation during rapid atrial pacing; 695 


Electrocardiographic signal-averaging during 
atrial pacing and effect of cycle length on the 
terminal QRS in patients with and without 
inducible ventricular tachycardia; 1095 


Atrial septal aneurysm 
A possible mechanism for neurologic ischemic 
events in patients with atrial septal 
aneurysm; 761 


Atrial septal defect 
Diagnosis and quantitative evaluation of 
secundum-type atrial septal defect by 
transesophageal Doppler echocardiography; 
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Transesophageal echocardiographic guidance of 
transcatheter closure of atrial septal defect; 
207 


Transvenous atrial septal defect occlusion by 
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Atrioventricular block 
Argon laser ablation or modification of the 
atrioventricular conduction system in 
refractory supraventricular tachycardia; 767 


Exercise-provoked distal atrioventricular block; 
114 


Prognostic value of junctional recovery times 
and long-time follow-up of complete 
atrioventricular nodal block at a young age; 
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Atrioventricular connections 
Usefulness of combined propranolol and 
verapamil for evaluation of surgical ablation 
of accessory atrioventricular connections in 
patients without structural heart disease; 
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Atrioventricular node 
Atrioventricular nodal reentry and dual 
atrioventricular node physiology inpatients 
undergoing accessory pathway ablation; 1388 
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1216 
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synchronization for pacing with an exercise 
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Atrium 
Increased prevalence of atrial septal aneurysm 
in mitral valve prolapse; 235 


Atropine 
Effects of bepridil and CERM 4205 (ORG 
30701) on the relation between cardiac cycle 
length and QT duration in healthy volunteers; 
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Autonomic nervous system 
Autonomic nervous system activity during 
myocardial ischemia in man estimated by 
power spectral analysis of heart period 
variability; 497 
Balloon angioplasty 
Balloon angioplasty for congenital mitral 
stenosis; 472 


Balloon angioplasty of native aortic 
coarctations; 1401 


Early postoperative balloon coronary angioplasty 
for failed coronary artery bypass grafting; 
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Percutaneous excimer laser coronary 
angioplasty; 1027 

Results of laser-assisted balloon angioplasty for 
peripheral arterial obstruction using a lensed 
fiber-tip delivery catheter; 1526 


Balloon aortic valvuloplasty 
Ventricular arrhythmias after balloon aortic 
valvuloplasty; 1534 


Balloon commissurotomy, 
percutaneous mitral 
Utility of transesophageal echocardiography in 
interatrial septal puncture during 
percutaneous mitral balloon 
commissurotomy; 230 


Balloon pump, intraaortic 
Percutaneous transluminal coronary angioplasty 
for rest angina pectoris requiring intravenous 
nitroglycerin and intraaortic balloon 
counterpulsation; 168 


Balloon valvuloplasty 
Early and late changes in left ventricular systolic 
performance after percutaneous aortic 
balloon valvuloplasty; 327 


Factors influencing progression of mitral 
regurgitation after transarterial balloon 
valvuloplasty for mitral stenosis; 737 


Pulsed Doppler evaluation of right ventricular 
diastolic filling in children with pulmonary 
valve stenosis before and after balloon 
valvuloplasty; 79 


Behavior, type A 
Effect of type A behavior on exercise test 
outcome in coronary artery disease; 179 
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Biobehavioral variables and mortality or cardiac 
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Anatomic correlations of the long-axis views in 
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Blood hematocrit changes after coronary 
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Effects of noninvasive ambulatory blood 
pressure measuring devices on blood 
pressure; 1396 


Radial arterial pressure measurements may be a 
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Cardiac arrest 
Biobehavioral variables and mortality or cardiac 
arrest in the cardiac arrhythmia pilot study 
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Sudden cardiac death associated with exercise: 
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Sudden death behind the wheel from natural 
disease in drivers of four-wheeled motorized 
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Biobehavioral variables and mortality or cardiac 
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Cardiac Arrhythmia Suppression 
Trial (CAST) 
Physician attitudes toward the use of type IC 
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Cardiac catheterization 
Clinical and hemodynamic assessment of the 
hepatojugular reflux; 1002 


Clinical and pathophysiologic correlates of ST-T- 
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Coronary artery disease in the octogenarian: 
angiographic spectrum and suitability for 
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Cost of catheter versus surgical ablation in the 
Wolff-Parkinson-White syndrome; 189 


Detection, characterization and functional 
assessment of reperfused Q-wave acute 
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“Ischemic” ST-segment changes during the 
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Value of carvedilol in congestive heart failure 
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Cardiac function 
Comparison of clinical features in patients B60 
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Cardiac output 
Role of tricuspid regurgitation and left 
ventricular damage in the treatment of right 
ventricular infarction-induced low cardiac 
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Self-efficacy and in-patient cardiac 
rehabilitation; 362 


Cardiac rupture 
Timing and mechanism of in-hospital and late 
death after primary coronary angioplasty 
during acute myocardial infarction; 1045 
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Left ventricular pseudohypertrophy in pericardial 
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Spectrum of hemodynamic changes in cardiac 
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Usefulness of a pericardial friction rub after 
thrombolytic therapy during acute myocardial 
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Cardiac transplantation 
Effect of plasma volume expansion on 
hemodynamics and atrial natriuretic factor 
release in heart-transplant recipients; 477 


Hypercholesterolemia after cardiac 
transplantation in children; 1385 


Importance of hemodynamic response to 
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density lipoprotein subclasses after cardiac 
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Serial evaluation of lipid profiles and risk factors 
for development of hyperlipidemia after 
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Subnormal parasympathetic activity after 
cardiac transplantation; 1243 


Usefulness of physiologic dual-chamber pacing in 
drug-resistant idiopathic dilated 
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Beta adrenoceptors and m-cholinoceptors in 
myocardium of hearts with coronary artery 
disease or idiopathic dilated cardiomyopathy 
removed at cardiac transplantation; 880 


Diagnostic accuracy of right ventriculography in 
arrhythmogenic right ventricular 
cardiomyopathy; 741 
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Cardiovascular emergencies 
Ultradian, circadian and infradian periodicity of 
some cardiovascular emergencies; 240 
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afl Safety and efficacy of in-office cardioversion for 
™ treatment of supraventricular arrhythmias; 
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Carvedilol 
Value of carvedilol in congestive heart failure 
secondary to coronary artery disease; 1118 


Catecholamines 
Effects of amlodipine on blood pressure, heart 
rate, catecholamines, lipids and responses to 
adrenergic stimulus; 1269 


Effects of metoprolol on rest and exercise 
cardiac function and plasma catecholamines 
in chronic congestive heart failure secondary 
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Catheter ablation 

Argon laser ablation or modification of the 
atrioventricular conduction system in 
refractory supraventricular tachycardia; 767 


Catheters 
Management of complications associated with a 
first-generation endocardial defibrillation lead 
system for implantable cardioverter- 
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Results of laser-assisted balloon angioplasty for 
peripheral arterial obstruction using a lensed 
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Transesophageal echocardiographic guidance of 
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Effects of bepridil and CERM 4205 (ORG 
30701) on the relation between cardiac cycle 
length and QT duration in healthy volunteers; 
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Chest leads 
ST elevation in the right chest leads in anterior 
wall left ventricular acute myocardial 
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Acute myocardial infarction and chest pain 
syndromes after cocaine use; 1434 


Children 
Balloon angioplasty for congenital mitral 
stenosis; 472 
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Effects of two types of fish oil supplements on 
serum lipids and plasma phospholipid fatty 
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Ruptured chordae tendineae of the tricuspid 
valve as a complication of endomyocardial 
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From various kinds of heart rate variability to 
chronocardiology; 863 
Cineangiography 
Diagnostic accuracy of right ventriculography in 
arrhythmogenic right ventricular 
cardiomyopathy; 741 
Circadian amplitude 
From various kinds of heart rate variability to 
chronocardiology; 863 


Circadian distribution 
Circadian distribution of the characteristics of 
ischemic episodes in patients with stable 
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Circadian fluctuations in ventricular response to 
atrial fibrillation; 1013 
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An electrocardiographic midterm follow-up study 
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Balloon angioplasty for congenital mitral 
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All patients with left ventricular systolic 
dysfunction should be treated with an 
angiotensin-converting enzyme inhibitor: a 
protagonist’s viewpoint; 439 

Are nitrates effective in the treatment of chronic 
heart failure? antagonist’s viewpoint; 458 


Beneficial effect of magnesium sulfate in acute 
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Changes in circulating norepinephrine with 
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failure; 987 


Comparison of frequency of late potentials in 
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congestive heart failure and their usefulness 
in predicting sudden death; 1113 


Comparison of intravenous amrinone and 
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and future prospects; 429 
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Failure of captopril to prevent nitrate tolerance 
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Pacemaker therapy in congestive heart failure; 
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Management of complications associated with a 
first-generation endocardial defibrillation lead 
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Digital calipers 
Videodensitometry versus digital calipers for 
quantitative coronary angiography; 1186 


Diltiazem 
Determinants and significance of diltiazem 
plasma concentrations after acute myocardial 
infarction; 1422 


Effects of bepridil and diltiazem on ventricular 
repolarization in angina pectoris; 812 


Myocardial protection by intravenous diltiazem 
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artery disease; 145 
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Effect of dipyridamole at the usual oral dose on 
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Usefulness of semiquantitative analysis of 
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failure; 987 


Diuretic therapy 
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Diurnal variation 
Circadian rhythm of heart rate variability after 
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Comparison of intravenous amrinone and 
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See also Echocardiography 


Clinical, echocardiographic and Doppler 
correlates of clinical instability with onset of 
atrial fibrillation; 721 8 


Detection and assessment of severity of ke 
tricuspid regurgitation using first-pass 
radionuclide angiography and comparison 
with pulsed Doppler echocardiography; 333 


Diagnosis and quantitative evaluation of 
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transesophageal Doppler echocardiography; 
85 
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Effects of preload reduction on mitral flow 
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Noninvasive evaluation of left ventricular 
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transplantation; 884 


Serial echocardiographic and Doppler evaluation 
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The timing of spontaneous closure of the ductus 
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echocardiographic features of normal and 
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Transesophageal color flow Doppler and 
echocardiographic features of normal and 
regurgitant St. Jude medical prostheses in the 
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Comparison of right ventricular impedance, 
pulse pressure and maximal dP/dt for 
determination of hemodynamic stability of 
ventricular arrhythmias associated with 
coronary artery disease; 575 
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Benefits of physiologic atrioventricular 
synchronization for pacing with an exercise 
rate response; 193 


Clinical, echocardiographic and Doppler 
correlates of clinical instability with onset of 
atrial fibrillation; 721 . 
Coronary collaterals assessed with myocardial an 
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Detection and assessment of severity of 
tricuspid regurgitation using first-pass 
radionuclide angiography and comparison 
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A Echocardiographic diagnosis of unruptured 
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Effect of altered flow on mitral valve anulus in 
dogs; 515 

Increased prevalence of atrial septal aneurysm 
in mitral valve prolapse; 235 


Intraoperative myocardial contrast 
echocardiography for assessment of regional 
bypass perfusion; 1077 


Left ventricular pseudohypertrophy in pericardial 
effusion as a sign of cardiac tamponade; 508 


Risk stratification of left ventricular hypertrophy 
in systemic hypertension using noninvasive 
ambulatory blood pressure monitoring; 583 


RVe:RVs voltage ratio in systemic hypertension, 
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Usefulness of echocardiography in managing left 
= ventricular thrombi after acute myocardial 
infarction; 387 


Echocardiography, fetal 
Absent pulmonary valve syndrome with 
ventricular septal defect: role of the arterial 
duct; 233 


Echocardiography, 
transesophageal 
Anatomic correlations of the long-axis views in 
biplane transesophageal echocardiography; 
1007 


A possible mechanism for neurologic ischemic 
events in patients with atrial septal 
aneurysm; 761 


Detection of microbubbles released by 
oxygenators during cardiopulmonary bypass 
by intraoperative transesophageal 
echocardiography; 511 


Diagnosis and quantitative evaluation of 
secundum-type atrial septal defect by 
transesophageal Doppler echocardiography; 
85 

$ Failure of trifluoperazine to resolve spontaneous 
echo contrast evaluated by transesophageal 
echocardiography; 648 


Safety and usefulness of transesophageal 
echocardiography in persons aged B70 years; 
1279 


Transesophageal color flow Doppler and 
echocardiographic features of normal and 
regurgitant St. Jude medical prostheses in the 
mitral valve position; 871 


Transesophageal color flow Doppler and 
echocardiographic features of normal and 
regurgitant St. Jude medical prostheses in the 
aortic valve position; 873 


Transesophageal echocardiographic guidance of 
transcatheter closure of atrial septal defect; 
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Transesophageal echocardiography in the 
evaluation of prosthetic and native aortic 
valves; 758 


Utility of transesophageal echocardiography in 
interatrial septal puncture during 
percutaneous mitral balloon 
commissurotomy; 230 
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Thoracoabdominal ectopia cordis with isolated 
infundibular atresia; 891 


Ejection fraction 
Effect of left ventricular ejection fraction on 
malfunctioning St. Jude medical prosthesis in 
the aortic valve position; 645 


Effect of quinidine or procainamide versus no 
antiarrhythmic drug on sudden cardiac death, 
total cardiac death, and total death in elderly 
patients with heart disease and complex 
ventricular arrhythmias; 423 


Long-term effect of mexiletine on left ventricular 
function and relation to suppression of 
ventricular arrhythmia; 1222 


Prognosis of congestive heart failure in elderly 
patients with normal versus abnormal left 
ventricular systolic function associated with 
coronary artery disease; 1257 


Studies of left ventricular dysfunction 
(SOLVD)—trationale, design and methods: 
two trials that evaluate the effect of enalapril 
in patients with reduced ejection fraction; 
315 


Value of carvedilol in congestive heart failure 
secondary to coronary artery disease; 1118 


Elastic recoil 
Quantitative angiographic assessment of elastic 
recoil after percutaneous transluminal 
coronary angioplasty; 1039 


Elderly patients 
A 50-year-old useful report on coronary risk for 
noncardiac surgery; 1375 


Comparison of clinical features in patients B60 
years of age to those A40 years of age with 
hypertrophic cardiomyopathy; 875 


Coronary artery disease in the octogenarian: 
angiographic spectrum and suitability for 
revascularization; 1319 


Determinants and significance of diltiazem 
plasma concentrations after acute myocardial 
infarction; 1422 


Effect of quinidine or procainamide versus no 
antiarrhythmic drug on sudden cardiac death, 
total cardiac death, and total death in elderly 
patients with heart disease and complex 
ventricular arrhythmias; 423 


Emergency percutaneous transluminal coronary 
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patients 70 years of age and older; 663 


Long-term clinical and angiographic follow-up of 
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Percutaneous transluminal coronary angioplasty 
in octogenarians with unstable coronary 
syndromes; 857 


Prevalence, incidence and prognosis of 
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infarction in persons aged 75 years or older: 
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Prognosis of congestive heart failure in elderly 
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ventricular systolic function associated with 
coronary artery disease; 1257 


Results of percutaneous transluminal coronary h 
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Safety and usefulness of transesophageal 
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Electrical stimulation 


Analysis of programmed stimulation methods in 
the evaluation of ventricular arrhythmias in 
patients 20 years old and younger; 826 

Characteristic variation in evoked potential 
amplitude with changes in pacing stimulus 
strength; 416 

Exaggerated pressure response to exercise in 
men at risk for systemic hypertension; 731 


Electrocardiography 


Changes in standard electrocardiographic ST- 
segment elevation predictive of successful 
reperfusion in acute myocardial infarction; 
1407 


Clinical and pathophysiologic correlates of ST-T- 
wave abnormalities in coronary artery 
disease; 699 


Effect of dipyridamole at the usual oral dose on 
exercise-induced myocardial ischemia in 
stable angina pectoris; 275 


Effect of rate augmentation and isoproterenol on 
the amplitude of atrial and ventricular 
electrograms; 101 


Effects of bepridil and CERM 4205 (ORG 
30701) on the relation between cardiac cycle 
length and QT duration in healthy volunteers; 
636 


Effects of bepridil and diltiazem on ventricular 
repolarization in angina pectoris; 812 


Effects of exercise on the signal-averaged 
electrocardiogram in coronary artery disease; 
54 


Effects of left ventricular hypertrophy on the 
signal-averaged electrocardiogram; 764 


Electrocardiographic Q-wave inconstancy in 
inferior wall myocardial infarction; 1144 | 


Exaggerated pressure response to exercise in 
men at risk for systemic hypertension; 731 


Impact of field-transmitted electrocardiography 
on time to in-hospital thrombolytic therapy in 
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Myocardial protection by intravenous diltiazem 
during angioplasty of single-vessel coronary 
artery disease; 145 


One heart, two bodies: insight from the 
transplanted heart and its new 
electrocardiogram; 632 

Persistence of arrhythmia exercise response in 
healthy young men; 1092 | 

Prognostic use of a QRS scoring system after 
hospital discharge for initial acute myocardial 
infarction in the Framingham cohort; 546 

Quantitative analysis of ventricular late 
potentials in healthy subjects; 1359 

Relation of peri-infarction block to ventricular 
late potentials in patients with inferior wall 
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Sensitivity of a set of myocardial infarction 
screening criteria in patients with 
anatomically documented single and multiple 
infarcts; 792 


ST monitoring for myocardial ischemia during 
and after coronary angioplasty; 389 


signal-averaged electrocardiograms after a 
first acute myocardial infarction; 1199 


-Transient electrocardiographic changes of 


elective coronary angioplasty compared with 
evolutionary changes of subsequent acute 
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Incremental diagnostic yield of loop 
electrocardiographic recorders in unexplained 
syncope; 214 


“Ischemic” ST-segment changes during the 


Ne 


pericatheterization period in men with 


` angiographically confirmed coronary artery 


disease; 225 
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Analysis of programmed stimulation methods in 
the evaluation of ventricular arrhythmias in 
patients 20 years old and younger; 826 


Are electrophysiologic studies indicated in 
nonsustained ventricular tachycardia? 642 


Day-to-day reproducibility of antiarrhythmic drug 
trials using programmed extrastimulus 
techniques for ventricular tachyarrhythmias 
associated with coronary artery disease; 725 


Electrophysiologic and electrocardiographic 
effects, efficacy and safety of encainide in 
malignant ventricular arrhythmias associated 
with coronary artery disease; 947 
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Comparison of the antihypertensive efficiency of 
nitrendipine, metoprolol, mepindolol and 
enalapril using ambulatory 24-hour blood 
pressure monitoring: 967 


Effects of nifedipine SR and enalapril on office, 
home and ambulatory blood pressure in 
“white-coat”’ systemic hypertension; 498 


Studies of left ventricular dysfunction 
(SOLVD)—rationale, design and methods: 
two trials that evaluate the effect ofvenalapril 
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315 


Encainide 
Effects of encainide and amiodarone on the 
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Effects of encainide and metabolizer phenotype 
on ventricular conduction during exercise; 
1393 


Electrophysiologic and electrocardiographic 
effects, efficacy and safety of encainide in 
malignant ventricular arrhythmias associated 
with coronary artery disease; 947 


Time course and prognostic significancesof serial 


Physician attitudes toward the use of type IC 
antiarrhythmics after the Cardiac Arrhythmia 
Suppression Trial (CAST); 1262 


Possible atrial proarrhythmic effects of class 1C 
antiarrhythmic drugs; 378 


The hazards of using type 1C antiarrhythmic 
drugs for the treatment of paroxysmal atrial 
fibrillation; 366 


Endarterectomy 
Early clinical results of lung coronary 
arteriotomy, endarterectomy and 
reconstruction combined with multiple bypass 
grafting for severe coronary artery disease; 
651 


Late morphologic findings after coronary 
endarterectomy; 386 


Low-dose aspirin versus anticoagulants for 
prevention of coronary graft occlusion; 1464 


Endocardial lead systems 
Management of complications associated with a 
first-generation endocardial defibrillation lead 
system for implantable cardioverter- 
defibrillators; 411 


Endocarditis 
Infective perivalvular abscess of the aortic ring: 
echocardiographic features and clinical 
course; 102 


Long follow-up (to 43 years) of ventricular 
septal defect with audible aortic 
regurgitation; 340 

Endomyocardial biopsy 

Diagnostic accuracy of right ventriculography in 
arrhythmogenic right ventricular 
cardiomyopathy; 741 


Ruptured chordae tendineae of the tricuspid 
valve as a complication of endomyocardial 
biopsy in heart transplant patients; 111 


Endomyocardial tissue 
Cyclic adenosine monophosphate content ot 
endomyocardial tissue obtained by biopsy in 
cyclosporine immunosuppressed human 
cardiac transplant recipients; 887 


Epidemiologic studies 
Determinants and significance of diltiazem 
plasma concentrations after acute myocardial 
infarction; 1422 


Prognostic use of a QRS scoring system after 
hospital discharge for initial acute myocardial 
infarction in the Framingham cohort; 545 


Risk of cardiovascular mortality in alcohol 
drinkers, ex-drinkers and nondrinkers; 1237 


Ultradian, circadian and infradian periodicity of 
some cardiovascular emergencies; 240 


Voltage criteria of left ventricular hypertrophy in 
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Effects of metoprolol on rest and exercise 
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843 
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Ergonovine 
Effects of intracoronary ergonovine on the 
contralateral coronary artery in patients with 
atypical chest pain; 1383 
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dysfunction should be treated with an 
angiotensin-converting enzyme inhibitor: a 
protagonist's viewpoint; 439 
Are nitrates effective in the treatment of chronic 
heart failure? antagonist's viewpoint; 458 
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men at risk for systemic hypertension; 731 
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view; 444 
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Self-efficacy and in-patient cardiac 
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Exercise testing 
Atenolol therapy for exercise-induced 
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synchronization for pacing with an exercise 
rate response; 193 


Clinical relevance of exercise-induced ventricular 
arrhythmias in suspected coronary artery 
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thrombolytic therapy for acute Q-wave 
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Effects of exercise on the signal-averaged 
electrocardiogram in coronary artery disease; 
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detection of the gas exchange anaerobic 
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Expression of natriuretic peptide in ventricular 
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correlation with the severity of clinical and 
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drugs for the treatment of paroxysmal atrial 
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Changes in diameter of coronary narrowings and 
translesional hemodynamics after 
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Fluosol® 
Reduction of myocardial ischemia during 
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Fontan repair 
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repair; 238 
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Aortic calcified plaques and cardiovascular 
disease (the Framingham study); 1060 
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Free fatty acids 
Changes in plasma free fatty acids and glycerols 
during prolonged exercise in trained and 
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vessel disease,” “two-vessel disease”: word 
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The best antiarrhythmic agent will be a lipid- 
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Detection of microbubbles released by 
oxygenators during cardiopulmonary bypass 
by intraoperative transesophageal 
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Graft rejection 
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rejection; 647 
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in predicting sudden death; 1113 
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Subnormal parasympathetic activity after 
cardiac transplantation; 1243 
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Significance of exercise-induced left hemiblock; 
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Hemodynamics 
Antiarrhythmic and hemodynamic evaluation of 
indecainide and procainamide in nonsustained 
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Atial natriuretic peptide and hemodynamic 
response to pericardiectomy for chronic 
constrictive pericarditis; 117 


Changes in circulating norepinephrine with 
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failure; 987 


Changes in diameter of coronary narrowings and 
translesional hemodynamics after 
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Clinical and hemodynamic assessment of the 
hepatojugular reflux; 1002 
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~ after thrombolysis with tissue plasminogen 
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grafting and percutaneous transluminal 
coronary angioplasty; 921 

Intraoperative myocardial contrast 
echocardiography for assessment of regional 
bypass perfusion; 1077 


Long-term prognosis of myocardial ischemia 
detected by Holter monitoring in peripheral 
vascular disease; 1309 


Menstrual patterns in females after the Fontan 
repair; 238 

Outcome following emergency coronary artery 
bypass grafting for failed elective balloon 
coronary angioplasty in patients with prior 
coronary bypass; 285 

Semiselective angiography of the internal 
mammary arteries as a preparation for 
coronary bypass surgery; 377 


The developmental phase of modern coronary 
artery surgery; 1496 


Timing and mechanism of in-hospital and late 
death after primary coronary angioplasty 
during acute myocardial infarction; 1045 


Transesophageal echocardiographic guidance of 
transcatheter closure of atrial septal defect; 
207 

Usefulness of semiquantitative analysis of 
dipyridamole—thallium-201 redistribution for 
improving risk stratification before vascular 
surgery; 406 

Surgical ablation 

Usefulness of combined propranolol and 
verapamil for evaluation of surgical ablation 
of accessory atrioventricular connections in 
patients without structural heart disease; 
1216 


Symposium: Angiotensin- 
Converting Enzyme Inhibition 
Therapy in the Treatment of 
Congestive Heart Failure 

Effects of enalapril and neuroendocrine 
activation on prognosis in severe congestive 
heart failure (follow-up of the CONSENSUS 
Trial); 40D 

Introduction; 1D 


Mechanisms in congestive heart failure and the 
role of angiotensin-converting enzyme 
inhibition; 2D 

Neuroendocrine activity in congestive heart 


Bi failure; 33D 


~ Pharmacology of angiotensin-converting enzyme 
inhibitors as a guide to their use in 
congestive heart failure; 7D 


Potential role of the tissue renin-angiotensin 
system in the pathophysiology of congestive 
heart failure; 22D 


Renal effects of angiotensin-converting enzyme 
inhibition in congestive heart failure; 14D 


Symposium: Cardiovascular 

Imaging in the 1990s 

A hematologist’s view of contrast media, clotting 
in angiography syringes and thrombosis 
during coronary angiography; 23F 

Cardiac catheterization laboratory—1990; 37F 

Cardiovascular effects of iodinated contrast 

agents; 9F 
á Clinical cardiovascular magnetic resonance 

imaging; 41F 

Clinical nuclear magnetic resonance 
spectroscopy: insight into metabolism; 45F 


Contrast media safety: what do we know and 
how do we know it? 34F 


Contrast media: the relation of chemical 
structure, animal toxicity and adverse clinical 
effects; 2F 


Experimental contrast-associated nephropathy 
and its clinical implications; 18F 


Introduction; 1F 


Positron emission tomography and 
interventional cardiology; 51F 


Role of magnetic resonance contrast agents in 
cardiac imaging; 59F 


Selection of a contrast agent in the cardiac 
catheterization laboratory; 26F 


Symposium: HMG CoA Reductase 

K ` Inhibitors—A Five-Year 
Clinical Perspective 

A multicenter comparison of lovastatin and 
probucol for treatment of severe primary 
hypercholesterolemia; 22B 


Comparison of the effects of lovastatin and 
gemfibrozil on lipids and glucose control in 
noninsulin-dependent diabetes mellitus; 16B 


Efficacy and tolerability of lovastatin in a six- 
month study: analysis by gender, age and 
hypertensive status; 1B 


Expanded clinical evaluation of lovastatin 
(EXCEL) study: design and patient 
characteristics of a double-blind, placebo- 
controlled study in patients with moderate 
hypercholesterolemia; 44B 

Extended clinical safety profile of lovastatin; 
11B 

Lovastatin and simvastatin prevention studies; 
39B 

n= Use of 3-hydroxy-3-methylglutaryl coenzyme A 

reductase inhibitors in various forms of 

dyslipidemia; 31B 


Symposium: International 
Update—The Important Role 
of Aldosterone and 
Aldosterone Antagonism in 
Cardiovascular Medicine 

Aldactazine/captopril combination, safe and 
effective in mild to moderate systemic 
hypertension: report on a multicenter study 
of 967 patients; 4K 


Calcium-channel antagonist effects of 
spironolactone, an aldosterone antagonist; 7K 


Clinical update: spironolactone and altizide as 
monotherapy in systemic hypertension; 20K 


Editorial overview; 3K, 39K 


Editorial overview: European experience with 
spironolactone and thiazide diuretic as 
antihypertensive therapy; 18K 


Effects of potassium-sparing/thiazide diuretic 
combination on cardiovascular reactivity to 
vasopressor agents; 14K 


Introduction: aldosterone and spironolactone 
revisited; 1K 


Peripheral action of spironolactone: arterial 
elasticity; 9K 

Peripheral action of spironolactone: 
plethysmographic studies; 12K 


Relation of cardiovascular disease to potassium 
and magnesium deficiencies; 44K 


Role of magnesium in cardiac tachyarrhythmias; 
47K 


Short- and long-term mechanisms of sudden 
cardiac death in congestive heart failure; 41K 


“Silent” heart failure as observed by a French 
cardiologist; 54K 


Spironolactone and altizide in systemic 
hypertension: ambulatory multicenter study; 
24K 


Spironolactone and altizide used in combination 
with enalapril: twenty-four-hour ambulatory 
recording of blood pressure; 33K 


Spironolactone and altizide versus converting 
enzyme inhibitor (enalapril); 28K 

Spironolactone in the management of congestive 
heart failure; 51K 


Spironolactone versus nifedipine in essential 
hypertension; 36K 
Symposium: Primary and 
Secondary Prevention of 
Cardiovascular Disease 
Acebutolol effects of lipid profile; 49C 


Advantages of beta-blockers versus 
antiarrhythmic agents and calcium 
antagonists in secondary prevention after 
myocardial infarction; 9C 


Arterial protection: a neglected but crucial 
therapeutic goal; 36C 

Characteristics of participants at baseline in the 
treatment of mild hypertension study 
(TOMHS) ; 32C 

Conclusions; 55C 

Documentation of the effective length of action 
of antihypertensive treatment; 43C 


Efficacy of acebutolol after acute myocardial 
infarction (The APSI Trial); 24C 


Introduction; 1C 

Mechanical factors in large artery disease and 
antihypertensive drugs; 39C 

Relevance of intrinsic sympathomimetic activity 
for beta blockers; 21C 

Secondary prevention of acute myocardial 
infarction with beta-blocking agents and 
calcium antagonists; 3C 

Symposium: Technetium-99m 

Myocardial Perfusion Imaging 
Agents and Their Relation to 
Thallium-201 

Clinical experience with technetium-99m 
teboroxime, a neutral, lipophilic myocardial 
perfusion imaging agent; 63E 

Comparison of SPECT using technetium-99m 
agents and thallium-201 and PET for the 
assessment of myocardial perfusion and 
viability; 72E 

Detection and assessment of unstable angina 
using myocardial perfusion imaging: 
comparison between technetium-99m 
sestamibi SPECT and 12-lead 
electrocardiogram; 42E 

Detection and location of myocardial infarction 
using technetium-99m sestamibi imaging at 
rest; 32E 

Experimental studies of the physiologic 
properties of technetium-99m isonitriles; 5E 

Experimental studies of the physiologic 
properties of technetium-99m agents: 
myocardial transport of perfusion imaging 
agents; 9E 

Introduction—technetium-99m myocardial 
perfusion imaging agents and their relation to 
thallium-201; 1E 

Myocardial perfusion imaging with technetium- 
99m sestamibi SPECT in the evaluation of 
coronary artery disease; 55E 


Planar imaging techniques used with technetium- 


99m sestamibi to evaluate chronic 
myocardial ischemia; 47E 


Simultaneous measurement of myocardial 
perfusion and ventricular function during 
exercise from a single injection of 
technetium-99m sestamibi in coronary artery 
disease; 68E 


Technetium-99m sestamibi in chronic coronary 
artery disease: the European experience; 91E 


Technetium-99m sestamibi myocardial imaging: 
same-day rest-stress studies and 
dipyridamole; 80E 

Technical aspects of myocardial planar imaging 
with technetium-99m sestamibi; 16E 


Technical aspects of myocardial SPECT imaging 
with technetium-99m sestamibi; 23E 

Thrombolytic therapy for myocardial infarction: 
assessment of efficacy by myocardial 
perfusion imaging with technetium-99m 
sestamibi; 36E 

Use of technetium-99m sestamibi to determine 
the size of the myocardial area perfused by a 
coronary artery; 85E 


Symposium: The Ischemic 
Myocardium: New Directions 
in Evaluation and Management 

A new generation of calcium antagonists and 
their role in atherosclerosis; 28H 

Cardioprotective effects of amlodipine on 
ischemia and reperfusion in two experimental 
models; 10H 
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Introduction; 1H 

Progress in cardioprotection: the role of calcium 
antagonists; 2H 

Protecting the vasculature: an eye toward the 
future; 23H 

Role of echocardiography in acute myocardial 
infarction; 17H 

Symposium: The Significance of 

High-Density Lipoprotein 
Cholesterol in the Prevention 
of Coronary Artery Disease 

Clinical trials including an update on the Helsinki 
heart study; 11A 

Discussion; 28A 

High-density lipoprotein cholesterol and coronary 
artery disease: survey of the evidence; 3A 

High-density lipoprotein, low-density lipoprotein 
and coronary artery disease; 7A 

Interrelationship of triglycerides with 
lipoproteins and high-density lipoproteins; 
20A 


Introduction; 1A 

Pharmacotherapy of disorders of plasma 
lipoprotein metabolism; 16A 

Predictive value for coronary heart disease of 
baseline high-density and low-density 
lipoprotein cholesterol among Fredrickson 
type lla subjects in the Helsinki heart study; 
24A 


Symposium: Triggering and 


Circadian Variation of Onset of 
Acute Cardiovascular Disease 

Angiographic assessment of the culprit coronary 
artery lesion before acute myocardial 
infarction; 44G 

Application of time series analysis to circadian 
rhythms: effect of beta-adrenergic blockade 
upon heart rate and transient myocardial 
ischemia; 22G 

Beta-blocker duration of action and implications 
for therapy; 60G 

Beta-blockers and the primary prevention of 
nonfatal myocardial infarction in patients 
with high blood pressure; 12G 

Cause of thrombosis in human atherosclerotic 
arteries; 37G 

Correlations between fibrinolytic function and 
acute myocardial infarction; 54G 

Effect of beta-adrenergic blocking agents on the 
circadian occurrence of ischemic 
cardiovascular events; 63G 


~ Epidemiologic studies demonstrating inereased 


morning incidence of sudden cardiac death; 
15G 

Introduction; 1G 

Mental stress as an acute trigger of ischemic 
left ventricular dysfunction and blood 
pressure elevation in coronary artery disease; 
28G 

Potential usefulness of combined thromboxane 
Az and serotonin receptor blockade tor 
preventing the conversion from chronic to 
acute coronary artery disease syndromes; 
48G 

Propranolol and the morning increase in sudden 
cardiac death: (The BHAT experience); 57G 

Reduction of mortality, sudden death and 
nonfatal reinfarction with beta-adremergic 
blockers in survivors of acute myocardial 
infarction: a new hypothesis regarding the 
cardioprotective action of beta-adrenergic 
blockade; 66G 


Rupture of coronary vasa vasorum as a trigger 
of acute myocardial infarction; 41G 


Subgroups of patients with atypical circadian 
patterns of symptom onset in acute 
myocardial infarction; 7G 


Timing and triggers of transient myocardial 
ischemia; 18G 


Transient myocardial ischemia and its relation to 
determinants of myocardial oxygen demand; 
25G 


Triggers of transient myocardial ischemia: 
circadian variation and relation to plaque 
rupture and coronary thrombosis in stable 
coronary artery disease; 32G 

Syncope 

Clinical and electrophysiologic characteristics of 
patients with antidromic circus movement 
tachycardia in the Wolff-Parkinson-White 
syndrome; 1082 


Incremental diagnostic yield of loop 
electrocardiographic recorders in unexplained 
syncope; 214 

Syndrome X 

Acute coronary vasomotor effects of nifedipine 
and therapeutic correlates in syndrome X; 
302 


Systemic hypertension 
See also Hypertension 


Arterial vasodilator effects of the 
dihydropyridine calcium antagonist 
amlodipine alone and in combination with 
verapamil in systemic hypertension; 1469 


Chronic transvenous pacemaker lead removal 
using a unique, sequential transvenous 
system; 964 


Effects of nifedipine SR and enalapril on office, 
home and ambulatory blood pressure in 
“white-coat” systemic hypertension; 498 


Effects of renin inhibition in systemic 
hypertension; 1342 


Exaggerated pressure response to exercise in 
men at risk for systemic hypertension; 731 


Rationale against the drug treatment of marginal 
diastolic systemic hypertension; 368 


Systole 
Doppler assessment of left ventricular filling 
pattern in silent ischemia in patients with 
Prinzmetal's angina; 1055 


Systolic time interval 
Noninvasive evaluation of left ventricular 
performance with a new systolic time 
interval, the Q-V peak, and comparison with 
established systolic time intervals; 1018 


Technetium-99m 
Comparison of thallium-201 and technetium-99m 

hexakis 2-methoxyisobutyl isonitrile single- 
photon emission computed tomography for 
estimating the extent of myocardial ischemia 
and infarction in coronary artery disease; 
1438 

Terminology 


ls the term “‘triscuspid atresia” appropriate? 
1251 
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Tetralogy of Fallot 
Frequency and prognosis of arrhythmias after 
operative “correction” of tetralogy of Fallot; 
346 


Thallium-201 
Clinical relevance of exercise-induced ventricular 
arrhythmias in suspected coronary artery 
disease; 172 


Comparison of thallium-201 and technetium-99m 
hexakis 2-methoxyisobutyl isonitrile single- 
photon emission computed tomography for 
estimating the extent of myocardial ischemia 
and infarction in coronary artery disease; 
1438 


Comparison of thallium redistribution with rest 
“reinjection’”’ imaging for the detection of 
viable myocardium; 158 


Functional significance of myocardial perfusion 
defects induced by dipyridamole using 
thallium-201 single-photon emission 
computed tomography and two-dimensional 
echocardiography; 802 


Left ventricular dilatation and pulmonary 
thallium uptake after single-photon emission 
computed tomography using thallium-201 
during adenosine-induced coronary 
hyperemia; 807 


Prevalence and correlates of increased 
lung/heart ratio of thallium-201 during 
dipyridamole stress imaging for suspected 
coronary artery disease; 1324 


Prognostic value of predischarge low-level 
exercise thallium testing after thrombolytic 
treatment of acute myocardial infarction; 
1203 


Quantitative exercise thallium-201 rotational 
tomography for evaluation of patients with 
prior myocardial infarction; 151 


Significance of dipyridamole-induced transient 
dilation of the left ventricle during thallium- 
201 scintigraphy in suspected coronary 
artery disease; 689 


Transient left ventricular cavitary dilation during 
dipyridamole-thallium imaging as an indicator 
of severe coronary artery disease; 1163 


Usefulness of semiquantitative analysis of 
dipyridamole—thallium-201 redistribution for 
improving risk stratification before vascular 
surgery; 406 


Usefulness of tomographic thallium-201 imaging 
for detection of restenosis after percutaneous 
transluminal coronary angioplasty; 1314 


Value of thallium-201 reinjection after delayed 
SPECT imaging for predicting reversible 
ischemia after coronary artery bypass 
grafting: 394 

Theophylline 

Effects of theophylline, atenolol and their 
combination on myocardial ischemia in stable 
angina pectoris; 1157 

Thrombin 

Effects of nitroglycerin at therapeutic doses on 
platelet aggregation in unstable angina 
pectoris and acute myocardial infarction; 683 


» 
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Thrombolysis 
Comparison of coronary and myocardial 
morphologic findings in patients with and 
without thrombolytic therapy during fatal 
x first acute myocardial infarction; 904 


Comparison of early exercise treadmill test and 
oral dipyridamole thallium-201 tomography 
for the identification of jeopardized 
myocardium in patients receiving 
thrombolytic therapy for acute Q-wave 
myocardial infarction; 551 


Delayed coronary angioplasty after thrombolytic 
therapy for acute myocardial infarction; 1259 


Effect of heparin on coronary arterial patency 
after thrombolysis with tissue plasminogen 
activator in acute myocardial infarction; 
1412 


Frequency of low-grade residual coronary 
stenosis after thrombolysis during acute 
myocardial infarction; 773 


Impact of field-transmitted electrocardiography 
on time to in-hospital thrombolytic therapy in 
acute myocardial infarction; 786 


Improved survival but not left ventricular 
function with early and prehospital treatment 
with tissue plasminogen activator in acute 
myocardial infarction; 261 


Partial resistance to anticoagulation after 
streptokinase treatment for acute myocardial 
infarction; 28 


Prehospital thrombolysis in acute myocardial 
infarction; 1429 


Prevention of late ventricular dilatation after 
acute myocardial infarction by successful 
thrombolytic reperfusion; 31 


Prognostic value of predischarge low-level 
exercise thallium testing after thrombolytic 
treatment of acute myocardial infarction; 
1203 


Randomized controlled trial of late in-hospital 
angiography and angioplasty versus 
conservative management after treatment 
with recombinant tissue-type plasminogen 
activator in acute myocardial infarction; 538 


Recombinant tissue-type plasminogen activator 
followed by heparin compared with heparin 
alone for refractory unstable angina pectoris; 
910 


Relation of thrombolysis during acute 
myocardial infarction to left ventricular 
function and mortality; 92 


Selective infusion of thrombolytic therapy in the 
acute myocardial infarct-related coronary 
artery as an alternative to rescue 
percutaneous transluminal coronary 
angioplasty; 1021 

The western Washington myocardial infarction 
registry and emergency department tissue 
plasminogen activator treatment trial; 1298 


Two-year outcome after angiographically 
documented myocardial reperfusion for acute 
coronary occlusion; 796 


Usefulness of a pericardial friction rub after 
thrombolytic therapy during acute myocardial 
infarction in predicting amount of myocardial 
damage; 1418 


Usefulness of high-frequency analysis of signal- 
averaged surface electrocardiograms in acute 
myocardial infarction before and after 
coronary thrombolysis for assessing coronary 
reperfusion; 1196 


Usefulness of late coronary thrombolysis 
(recombinant tissue-type plasminogen 
activator) in preserving left ventricular 
function in acute myocardial infarction; 1281 


Thromboplastin time 
Partial resistance to anticoagulation after 
streptokinase treatment for acute myocardial 
infarction; 28 


Thrombosis 
Experience with the Gianturco-Roehm bird’s nest 
vena cava filter; 1275 


Frequency of low-grade residual coronary 
stenosis after thrombolysis during acute 
myocardial infarction; 773 


Low-dose aspirin versus anticoagulants for 
prevention of coronary graft occlusion; 1464 


Perioperative myocardial ischemia and 
infarction; 1377 


Usefulness of antithrombotic therapy in resting 
angina pectoris or non-Q-wave myocardial 
infarction in preventing death and myocardial 
infarction (a pilot study from the 
antithrombotic therapy in acute coronary 
syndromes study group); 1287 


Thrombus 
Hemodynamic shear force in rupture of coronary 
arterial atherosclerotic plaques; 1368 


Influence of coronary arterial thrombus location 
on left ventricular function in acute 
myocardial infarction; 16 


Morphometric analysis of the composition of 
coronary arterial plaques in isolated unstable 
angina pectoris with pain at rest; 562 


Perioperative myocardial ischemia and 
infarction; 1377 


Relation of angiographic detected intracoronary 
thrombus and silent myocardial ischemia in 
unstable angina pectoris; 1381 


Tomographic studies 
Comparison of thallium-201 and technetium-99m 
hexakis 2-methoxyisobutyl isonitrile single- 
photon emission computed tomography for 
estimating the extent of myocardial ischemia 
and infarction in coronary artery disease; 
1438 


Functional significance of myocardial perfusion 
defects induced by dipyridamole using 
thallium-201 single-photon emission 
computed tomography and two-dimensional 
echocardiography; 802 


Improvement in early diastolic filling dynamics 
after aortic valve replacement; 1124 


Left ventricular dilatation and pulmonary 
thallium uptake after single-photon emission 
computed tomography using thallium-201 
during adenosine-induced coronary 
hyperemia; 807 

Quantitative exercise thallium-201 rotational 
tomography for evaluation of patients with 
prior myocardial infarction; 151 
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Usefulness of tomographic thallium-201 imaging 
for detection of restenosis after percutaneous 
transluminal coronary angioplasty; 1314 


Value of thallium-201 reinjection after delayed 
SPECT imaging for predicting reversible 
ischemia after coronary artery bypass 
grafting; 394 

Torsades de pointes 

Ventricular tachycardia and torsades de pointes 
complicating pentamidine therapy of 
Pneumocystis carinii pneumonia in 
the acquired immunodeficiency syndrome; 
888 


Transmitral flow 
Analysis of different methods of assessing the 
stenotic mitral valve area with emphasis on 
the pressure gradient half-time concept; 614 


Effects of preload reduction on mitral flow 
velocity pattern in normal subjects; 995 


Transplantation 
Analysis of heart rate changes in cardiac 
transplant recipients related to graft 
rejection; 647 
Association of coronary artery disease in cardiac 
transplant recipients with cytomegalovirus 
infection; 1025 


Beta adrenoceptors and m-cholinoceptors in 
myocardium of hearts with coronary artery 
disease or idiopathic dilated cardiomyopathy 
removed at cardiac transplantation; 880 


Cyclic adenosine monophosphate content of 
endomyocardial tissue obtained by biopsy in 
cyclosporine immunosuppressed human 
cardiac transplant recipients; 887 


One heart, two bodies: insight from the 
transplanted heart and its new 
electrocardiogram; 632 


Quantification of tricuspid regurgitation by 
Doppler color flow mapping after cardiac 
transplantation; 884 


Transposition of the great arteries 
An electrocardiographic midterm follow-up study 
after anatomic repair of transposition of the 
great arteries; 350 


Tricuspid atresia 
ls the term “‘triscuspid atresia” appropriate? 
1251 


Tricuspid regurgitation 
Detection and assessment of severity of 
tricuspid regurgitation using first-pass 
radionuclide angiography and comparison 
with pulsed Doppler echocardiography; 333 


Quantification of tricuspid regurgitation by 
Doppler color flow mapping after cardiac 
transplantation; 884 


Role of tricuspid regurgitation and left 
ventricular damage in the treatment of right 
ventricular infarction-induced low cardiac 
output syndrome; 289 


Tricuspid valve 
ls the term “triscuspid atresia” appropriate? 
1251 
Ruptured chordae tendineae of the tricuspid 
valve as a complication of endomyocardial 
biopsy in heart transplant patients; 111 
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 Trittiueoeperazine 

` Failure of trifluoperazine to resolve spontaneous 
ii echo contrast evaluated by transesophageal 

E echocardiography; 648 ; 
Triglycerides 

E Effects of two types of fish oil supplements on 
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serum lipids and plasma phospholipid fatty 
acids in coronary artery disease; 1171 


a Truncus arteriosus 


Coronary arteries in truncus arteriosus; 1482 


Tuberous sclerosis 


Natural history of cardiac rhabdomyoma in 
infancy and childhood; 1247 


Tumors 
Natural history of cardiac rhabdomyoma in 
infancy and childhood; 1247 


T wave 
Clinical and pathophysiologic correlates of ST-T- 
wave abnormalities in coronary artery 
disease; 699 


Two-dimensional 
echocardiography 
Functional significance of myocardial perfusion 
defects induced by dipyridamole using 
thallium-201 single-photon emission 
computed tomography and two-dimensional 
echocardiography; 802 


Infective perivalvular abscess of the aortic ring: 
echocardiographic features and clinical 
course; 102 


Intraoperative myocardial contrast 
echocardiography for assessment of regional 
bypass perfusion; 1077 


Platelet infusion-related echocardiographic 
contrast; 244 


Reduction of myocardial ischemia during 
percutaneous transluminal coronary 
angioplasty with oxygenated Fluosol®; 279 


Uremia 
Prognosis and predisposing factors for essential 
malignant hypertension in predominantly 
black patients; 868 


Urokinase 
Prehospital thrombolysis in acute myocardial 
infarction; 1429 


Valve prostheses 
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Digital acoustical analysis of normal and bimodal 
Bjork-Shiley 60° convexo-concave heart 
valves; 849 


Transesophageal color flow Doppler and 
echocardiographic features of normal and 
regurgitant St. Jude medical prostheses in the 
mitral valve position; 871 


Transesophageal color flow Doppler and 
echocardiographic features of normal and 
regurgitant St. Jude medical prostheses in the 
aortic valve position; 873 


Valve regurgitation 


m 


Transesophageal color flow Doppler and 
echocardiographic features of normal and 
regurgitant St. Jude medical prostheses in the 
mitral valve position; 871 


g - Vasodilators 


All patients with left ventricular systolic 
dysfunction should be treated with an 
angiotensin-converting enzyme inhibitor: a 
protagonist's viewpoint; 439 


Arterial vasodilator effects of the 
dihydropyridine calcium antagonist 
amlodipine alone and in combination with 
verapamil in systemic hypertension; 1469 


Future perspectives in basic science 
understanding of congestive heart failure; 
468 


Future perspectives in the management of 
congestive heart failure; 462 


Radial arterial pressure measurements may be a 
poor guide to the beneficial effects of 
nitroprusside on left ventricular systolic 
pressure in congestive heart failure; 323 


Statistical significance of Veterans 
Administration Vasodilator Heart Failure Trial 
results; 1507 


Vasodilators have not been shown to be of value 
in all patients with chronic congestive heart 
failure due to left ventricular systolic 
dysfunction; 435 


Vasomotor activity 
Changes in myocardial ischemic threshold during 
daily activities; 1403 
Venous distensibility 
Pattern of peripheral venous response to volume 
expansion in borderline systemic 
hypertension; 597 


Ventricular arrhythmias 
Clinical relevance of exercise-induced ventricular 
arrhythmias in suspected coronary artery 
disease; 172 


Comparison of right ventricular impedance, 
pulse pressure and maximal dP/dt for 
determination of hemodynamic stability of 
ventricular arrhythmias associated with 
coronary artery disease; 575 


Congestive heart failure: current controversies 
and future prospects; 429 


Effect of milrinone on ventricular arrhythmias in 
congestive heart failure; 431 


Effect of quinidine or procainamide versus no 
antiarrhythmic drug on sudden cardiac death, 
total cardiac death, and total death in elderly 
patients with heart disease and complex 
ventricular arrhythmias; 423 


Electrophysiologic and electrocardiographic 
effects, efficacy and safety of encainide in 
malignant ventricular arrhythmias associated 
with coronary artery disease; 947 


Long-term effect of mexiletine on left ventricular 
function and relation to suppression of 
ventricular arrhythmia; 1222 


Prevalence and prognostic significance of 
exercise-induced ventricular arrhythmias 
after coronary artery bypass grafting; 1451 


Relation of psychosocial and stress reactivity 
variables to ventricular arrhythmias in the 
cardiac arrhythmia pilot study (CAPS); 63 


Should asymptomatic ventricular arrhythmias in 
patients with congestive heart failure be 
treated? an antagonist’s viewpoint; 451 


Should complex ventricular arrhythmias in 
patients with congestive heart failure be 
treated? a protagonist's viewpoint; 447 

Time course and prognostic significance of serial 
signal-averaged electrocardiograms after a 
first acute myocardial infarction; 1199 
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Treatment of ventricular arrhythmias in children 
without structural heart disease with class IC 
agents as guided by invasive 
electrophysiology; 1264 


Ventricular arrhythmias after balloon aortic 
valvuloplasty; 1534 


Ventricular arrhythmias during spontaneous 
ischemic ST-segment depression; 1400 


Ventricular effective refractory 
period 
Effects of encainide and amiodarone on the 
adaptation of ventricular refractoriness to an 
increase in rate; 229 


Ventricular fibrillation 
Day-to-day reproducibility of antiarrhythmic drug 
trials using programmed extrastimulus 
techniques for ventricular tachyarrhythmias 
associated with coronary artery disease; 725 


Late proarrhythmia and understanding the time 
of occurrence of proarrhythmia; 1139 


Long-term follow-up of postmyocardial infarction 
patients with ventricular tachycardia or 
ventricular fibrillation treated with 
amiodarone; 673 


Management of complications associated with a 
first-generation endocardial defibrillation lead 
system for implantable cardioverter- 
defibrillators; 411 


Prognois of acute myocardial infarction 
complicated by primary ventricular 
fibrillation; 1208 


Prognosis of late versus early ventricular 
fibrillation in acute myocardial infarction; 10 


Ventricular function 
Early and late changes in left ventricular systolic 
performance after percutaneous aortic 
balloon valvuloplasty; 327 


Ventricular hypertrophy 
Improvement in early diastolic filling dynamics 
after aortic valve replacement; 1124 


Ventricular ischemia 
Exercise testing for right ventricular ischemia; 
528 


Ventricular late potentials 
Quantitative analysis of ventricular late 
potentials in healthy subjects; 1359 


Ventricular premature complexes 
Biobehavioral variables and mortality or cardiac 
arrest in the cardiac arrhythmia pilot study 
(CAPS); 59 


Late proarrhythmia and understanding the time 
of occurrence of proarrhythmia; 1139 


Reproducibility in circadian rhythm of 
ventricular premature complexes; 1099 
Ventricular repolarization 
Effects of bepridil and CERM 4205 (ORG 
30701) on the relation between cardiac cycle 
length and QT duration in healthy volunteers; 
636 
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Ventricular septal defect 
Absent pulmonary valve syndrome with 
ventricular septal defect: role of the arterial 
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Lopid® (Gemfibrozil Capsules and Tablets) 


Before prescribing, please see full prescribing information. 
A Brief Summary follows. 


CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 
biliary cirrhosis. 

2. Preexisting gallbladder disease (See WARNINGS). 

3. Hypersensitivity to gemfibrozil. 

WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities be- 

tween gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical 
+ studies may also apply to gemfibrozil. In the first of those studies, the Coronary Drug 

Project, 1000 subjects with previous myocardial infarction were treated for five years 

with clofibrate. There was no difference in mortality between the clofibrate-treated sub- 

jects and 3000 placebo-treated subjects, but twice as many clofibrate-treated subjects 

developed cholelithiasis and cholecystitis requiring surgery. In the other study, con- 

ducted by the World Health Organization (WHO), 5000 subjects without known cor- 

onary heart disease were treated with clofibrate for five years and followed one year 

beyond. There was a Statistically significant, 29%, higher total mortality in the clofibrate- 

treated than in a comparable placebo-treated control group. The excess mortality was 
due to a 33% increase in noncardiovascular causes, including malignancy, post- 
cholecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 
subjects for gallbladder disease was confirmed. 

During the Helsinki Heart Study and in the 1/2 year follow-up period since the trial 
was completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 
(2.7%) in the placebo group. Mortality from any cause during the double-blind portion 
of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 
the more limited size of the Helsinki Heart Study, this result is not statistically- 
significantly different from the 29% excess mortality seen in the clofibrate group in the 
separate WHO study. Noncoronary heart disease related mortality showed a 58% 
greater trend in the Lopid group (43 vs 27 patients in the placebo group, p=0.056). 

Inthe Helsinki Heart Study, the incidence of total malignancies discovered during the 
trial and in the 1¥2 years since the trial was completed was 39 in the Lopid group and 29 
in the placebo group (difference not statistically significant). This includes 5 basal cell 
carcinomas in the Lopid group and none in the placebo group (p=0.06; historical data 
predicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
from malignancies were not statistically 
different between Lopid and placebo sub- 
groups. Follow-up of the Helsinki Heart 
tudy participants will provide further infor- 
“mation on cause-specific mortality and 

cancer morbidity. 

2. A gallstone prevalence substudy of 450 
Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gall- 
stones during the study within the Lopid 
treatment group (7.5% vs 4.9% for the place- 
bo group, a 55% excess for the gemfibrozil 

| group). A trend toward a greater incidence 
of gallbladder surgery was observed for the 

Lopid group (17 vs 11 subjects, a 54% ex- 

cess). This result did not differ statistically 

from the increased incidence of cholecystectomy observed in the WHO study in the 
group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 
excretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 
studies are indicated. Lopid therapy should be discontinued if gallstones are found. 

3. Since a reduction of mortality from coronary artery disease has not been 
demonstrated and because liver and interstitial cell testicular tumors were increased in 
rats, Lopid should be administered only to those patients described in the INDICATIONS 
AND USAGE section. If a significant serum lipid response is not obtained, Lopid should 
be discontinued. 

4. Concomitant Anticoagulants — Caution should be exercised when anticoagulants 
are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
to maintain the prothrombin time at the desired level to prevent bleeding complications. 

Frequent prothrombin determinations are advisable until it has been definitely determined 
that the prothrombin level has stabilized. 

5. Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 
rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
leading in a high proportion of cases to acute renal failure. In most subjects who have 
had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
‘habdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 
‘lone, including Lopid, may occasionally be associated with myositis. Patients receiving 
pid and complaining of muscle pain, tenderness, or weakness should have prompt 
edical evaluation for myositis, including serum creatine kinase level determination. If 
/ositis is suspected or diagnosed, Lopid therapy should be withdrawn. 

. Cataracts — Subcapsular bilateral cataracts occurred in 10%, and unilateral in 63% 
ale rats treated with gemfibrozil at 10 times the human dose. 
:CAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain 
the lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 
dt should be made to control serum lipids with appropriate diet, exercise, weight loss 
ese patients, and control of any medical problems such as diabetes mellitus and 
thyroidism that are contributing to the lipid abnormalities. 
“ontinued Therapy — Periodic determination of serum lipids should be obtained, 
2 drug withdrawn if lipid response is inadequate after 3 months of therapy. 
‘ug Interactions — (A) Lovastatin: Rhabdomyolysis has occurred with combined 
ozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
3d therapy or after several months. In most subjects who have had an unsatisfac- 
response to either drug alone, the possible benefit of combined therapy with 
and gemfibrozil does not outweigh the risks of severe myopathy, rhab- 

*, and acute renal failure. There is no assurance that periodic monitoring of 
ase will prevent the occurrence of severe myopathy and kidney damage. 
soagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 

E GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 
\NT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
3ED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
JMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 

LY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 
nogenesis, Mutagenesis, Impairment of Fertility — Long-term studies 
‘conducted in rats and mice at one and ten times the human dose. The inci- 
yenign liver nodules and liver carcinomas was significantly increased in high 

i rats. The incidence of liver carcinomas increased also in low dose males, 
srease was not statistically significant (p=0.1). In high dose female rats, there 
\ificant increase in the combined incidence of benign, and malignant liver 
3. In male and female mice, there were no statistically significant differences 
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from controls in the incidence of liver tumors, but the doses tested were lower than those 


shown to be carcinogenic with other fibrates. ` 

Male rats had a dose-related and statistically significant increase of benign Leydig cell 
tumors at 1 and 10 times the human dose. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolifera- 
tion following Lopid administration to the male rat. An adequate study to test for perox- 
isome proliferation has not been done in humans but changes in peroxisome 
morphology have been observed. Peroxisome proliferation has been shown to occur in 
humans with either of two other drugs of the fibrate class when liver biopsies were com- 
pared before and after treatment in the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 weeks 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that this 
effect was reversed after a drug-free period of about eight weeks, and it was not eme 
ted to the offspring. 

5. Pregnancy Category B— Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human 
dose. These studies have revealed no evidence of impaired fertility in females or harm to 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observed 
at the high dose levels. No significant malformations were found among almost 400 oft. ` 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic in 
male and female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontinue 
the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However. these levels stabilize during long-term administration. Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 months 
of Lopid administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionally 
during Lopid administration, including eleva- 
tions of AST (SGOT), ALT (SGPT), LDH, bili- 
rubin, and alkaline phosphatase. These are 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
studies are recommended and Lopid therapy 
should be terminated if abnormalities persist. 

9. Use in Children — Safety and efficacy in 
children have not been established. 
ADVERSE REACTIONS. In the double-blind 
controlled phase of the Helsinki Heart Study, 
2046 patients received Lopid for up to 5 years. 
In that study, the following adverse reactions 
were Statistically more frequent in subjects in 
the Lopid group (placebo incidence in paren- 
theses): gastrointestinal reactions, 34.2% 
(23.8%); dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%); acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant differ- 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); 
fatigue, 3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common in the 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects but 
where a causal relationship was not established include cataracts, peripheral vascular 
disease, and intracerebral hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrence 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were 
more common in gemfibrozil-treated patients in other controlled clinical trials of 805 patients. 
Additional adverse reactions that have been reported for gemfibrozil are listed below 

by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in- 
creased liver transaminases (AST [SGOT], ALT [SGPT]), increased alkaline phosphatase; 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; /m- 
munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasys- 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confu- 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility; 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopenia; 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary: alopecia. 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- 
dosage, symptomatic supportive measures should be taken should it occur. 
References: 1. Frick MH, Elo O, Haapa K, era Helsinki Heart Study: Primary preven- 
tion trial with gemfibrozil in middle-aged men with dyslipidemia. N Eng/ J Med 
1987;317:1237-1245. 2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline 
in the incidence of coronary heart disease in the Helsinki Heart Study. JAMA 1988; 
260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders of 
chylomicron metabolism. In Stanbury J. B. et al. (eds.): The Metabolic Basis of Inherited 
Disease, 5th ed., McGraw-Hill, 1983, Chap. 30, pp. 622-642. 
Caution — Federal law prohibits dispensing without prescription. 
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Whats a common denominator of 
most heart attack victims? 


Mixed hyperlipidemias—elevated cholesterol and triglycerides—are 
common among heart attack victims,' and nearly two thirds of people 
who developed myocardial infarction in the PROCAM Trial had a low 
(<< 35 mg/dL) baseline level cf HDL cholesterol.” 


HEART AT TACK PATIENTS 
(PROCAM TRIAL)? 


LOPID raised low HDL 25% 


—in patients whose baseline HDL was below 35 mg/dL 
in the landmark Helsinki Heart Study (HHS)? 


Reduced heart attack incidence* up to 62% 


—in these HHS patients and 45% in HHS patients whose baseline 
HDL was below the median (464 mg/dL). Incidence of serious 
coronary events was similar for LOPID and placebo subgroups with 
baseline HDL above the median (464 mg/dL)3 


A powertul case E? 


; 600-m 
pai Hir goog 
RAISES HDL...DRAMATICALLY REDUCES HEART ATTACK 


LOPID is indicated for reducing the risk of coronary heart disease (CHD) in Type llb patients with low HDL, in addition to elevated LDL and 
triglycerides, and who have had an inadequate response to weight loss, diet, exercise, and other pharmacologic agents such as bile acid sequestrants 
and nicotinic acid. 


*Defined as a combination of definite coronary death and/or definite myocardial infarction. 


References: 1. Goldstein JL, Hazzard"WR, Schrott HG, Bierman EL, Motulsky AG. Hyperlipidemia in coronary heart disease. L Lipid: levels in 500 survivors of myocardial 
infarction. | Clin Invest. 1973;52:153351543. 2.Assmann G, Schulte H. PROCAM-Trial: Prospective Cardiovascular Minster Trial. Zürich: Panscientia Verlag; 1986:8-9. 
3. Data on file, Medical Affairs Dept, Parke-Davis. 
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